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Adrairal. 

Eawson,  Robert,  Hon.  Mem.  Man- 
chester Literary  and  Philoso- 
phical Society. 

Rennie,  John  K.,  M.A. 
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OBJECTS  OF  THE  INSTITUTION. 


The  objects  of  the  Institution  of  Naval  Architects — which  was  established  to  promote  tlie  Improvement  of 
Ships,  and  of  all  that  specially  appertains  to  them — are  comprised  under  three  heads  : — 

First,  the  bringing  together  of  those  results  of  experience  which  so  many  shipbuilders,  marine  engineers, 
naval  officers,  yachtsmen,  and  others  acquire,  independently  of  each  other,  in  various  parts  of  the  country,  and 
which,  though  almost  valueless  when  unconnected,  doubtless  tend  much  to  improve  our  navies  when  brought 
together  in  the  printed  Transactions  of  an  Institution. 

Secondly,  the  carrying  out,  by  the  collective  agency  of  the  Institution,  of  such  experimental  and  other 
inquiries  as  may  be  deemed  essential  to  the  promotion  of  the  science  and  art  of  shipbuilding,  but  are  of  too 
great  magnitude  for  private  persons  to  undertake  individually. 

Thirdly,  the  examination  of  new  inventions,  and  the  investigation  of  those  professional  questions  which 
often  arise,  and  were  left  undecided  before  the  establishment  of  this  Institution,  because  no  pubhc  body  to 
which  professional  reference  could  be  made  then  existed. 
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CONSTITUTION. 

1.  The  Institution  of  Naval  Architects  shall  consist  of  four  classes,  viz.,  Members,  Associates,  Honorary 
Members,  and  Honorary  Associates. 

2.  Members. — The  Class  of  Members  shall  consist  exclusively  of  Naval  Architects  and  Marine  Engineers 
conversant  with  Naval  Architecture. 

3.  Associates. — The  Class  of  Associates  shall  consist  of  persons  who  are  qualified,  either  by  profession  or 
occupation,  or  by  scientific  or  other  attainments,  to  discuss  with  Naval  Architects  the  qualities  of  a  ship,  or 
the  construction,  manufacture,  or  arrangement  of  some  part  or  parts  of  a  ship  or  her  equipment. 

4.  Honorary  Members. —  The  Class  of  Honorary  j^Iembers  shall  consist  of  persons  who  are  eligible  as 
Members,  and  upon  whom  the  Council  may  see  fit  to  confer  an  honorary  distinction. 

5.  Honorarij  Associates. — The  Class  of  Honorary  Associates  shall  consist  of  persons  who  have  contributed 
to  the  improvement  of  ships  or  their  equipment,  and  upon  whom  the  Council  may  see  fit  to  confer  an  honorary 
distinction. 

ELECTION  AND  DUTIES  OF  OFFICERS. 

6.  The  Officers  of  the  Institution  shall  consist  of  a  President,  Vice-Presidents,  Members  of  Council, 
Associate  Members  of  Council  (not  exceeding  in  number  one-third  the  number  of  Members  of  Council),  a 
Treasurer,  two  Auditors  of  Accounts,  and  a  Secretary  or  Secretaries. 
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7.  A  General  Meeting  of  the  Members  and  Associates  of  the  Institution  shall  be  held  annually  before 
Easter  in  each  year ;  and  at  this  Annual  General  Meeting  the  Members  of  Council,  Associate  Members  of 
Council,  Treasurer,  and  Auditors  for  the  ensuing  year  shall  be  elected. 

8.  At  the  Annual  General  Meeting  Members  only  shall  vote  in  the  Election  of  Members  of  Council,  and 
both  Associates  and  Members  in  the  Election  of  Associate  Members  of  Council,  the  Treasxirer  and  the  Auditors. 

9.  As  soon  as  may  be  convenient  after  the  Annual  General  Meeting,  the  newly- elected  Members  and 
Associate  Members  of  Council  shall  meet  and  elect  the  President  and  Vice-Presidents  for  the  year,  Members 
and  Associate  Members  of  Council  both  voting. 

10.  President. — Both  Members  and  Associates  of  the  Institution  shall  be  eligible  for  election  as  President. 
The  President  shall  preside  over  all  Meetings  of  the  Institution,  and  of  Officers  of  the  Institution,  at  which  he 
is  present,  and  shall  regulate  and  keep  order  in  the  proceedings. 

11.  Vice-Presidents. — Both  Members  and  Associates  of  the  Institution  shall  be  eligible  for  election  as  Vice- 
Presidents.  In  the  absence  of  the  President,  one  of  the  Vice-Presidents  shall  preside  at  the  General  Meetings 
of  the  Institution,  and  shall  regulate  and  keep  order  in  the  proceedings. 

12.  In  case  of  the  absence  of  the  President  and  of  all  the  Vice-Presidents,  the  Meeting  may  elect  any 
Member  of  Council  or  Associate  Member  of  Council,  and  in  case  of  their  absence  any  Member  present  to 
preside. 

13.  The  Chairman  at  any  Meeting  of  the  Council  or  of  the  Institution,  when  the  votes  of  the  Meeting, 
including  his  own,  are  equally  divided,  shall  be  entitled  to  give  a  casting  vote. 

14.  Persons  holding  the  office  of  Vice-President  shall  at  all  times  be  entitled  to  sit  and  vote  with  the 
Council. 

15.  Past  Presidents  and  Vice-Presidents. — All  Members  who  have  held  the  posts  of  President  and  Vice- 
President  shall,  while  their  connection  with  the  Institution  as  Members  lasts,  be  entitled  to  sit  and  vote  with 
the  Members  of  Council. 

16.  Members  of  Council. — Members  only  shall  be  eligible  for  Election  as  Members  of  Council  at  the  Annual 
General  Meeting. 

17.  Associate  Members  of  Council. — Associates  only  shall  be  eligible  for  Election  as  Associate  Members  of 
Council  at  the  Annual  General  Meeting. 

18.  The  Direction  and  Management  of  the  Institution  shall  be  vested  in  the  Council  for  the  time  being, 
the  Associate  Members  voting  with  the  Members  of  Council  in  all  cases,  except  in  the  decision  of  questions 
directly  affecting  the  forms  of  ships  and  the  construction  of  their  hulls. 

19.  The  Council  shall  meet  as  often  as  the  business  of  the  Institution  requires,  and  at  every  Meeting  five 
Members  of  Council  shall  form  a  quorum. 

20.  The  Council  may  appoint  Committees  to  report  to  them  upon  special  subjects. 

21.  All  questions  shall  be  decided  in  the  Council  by  vote  ;  but  at  the  desire,  expressed  in  writing,  of  any 
four  Members  or  Associate  Members  present,  the  determination  of  any  subject  shall  be  postponed  to  the 
succeeding  Meeting  of  the  Council. 

22.  An  annual  statement  of  the  funds  of  the  Institution,  and  of  the  receipts  and  payments  of  the  past 
year,  shall  be  made  under  the  direction  of  the  Council,  and  after  having  been  verified  and  signed  by  the 
Auditors,  shall  be  laid  before  the  Annual  General  Meeting. 

23.  The  Council  shall  draw  up  an  Annual  Report  on  the  state  of  the  Institution,  which  shall  be  read  at 
the  Annual  General  Meeting. 
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24.  It  shall  be  the  duty  of  the  Council  to  adopt  every  possible  means  of  advancing  the  Institution,  to 
provide  for  properly  conducting  its  business  in  all  cases  of  emergency,  such  as  the  death  or  resignation  of 
OflBcers,  and  to  arrange  for  the  publication  of  the  Papers  read  at  the  Meetings,  or  of  such  documents  as  may  Ijc 
calculated  to  advance  the  objects  of  the  Institution. 

25.  Treasurer. — Only  Bankers,  or  Members  of  Council,  or  persons  who  have  been  Members  of  Council, 
and  are  still  members  of  the  Institution,  shall  be  eligible  for  election  as  Treasurer. 

26.  Auditors. — All  Members  and  Associates  of  the  Institution  shall  be  eligible  for  election  as  Auditors. 

27.  The  Auditors  shall  have  access  at  all  reasonable  times  to  the  Accounts  of  the  pecuniary  transactions 
of  the  Institution ;  and  they  shall  examine  and  sign  the  annual  statement  of  the  Accounts  before  it  is 
submitted  by  the  Council  to  the  Annual  General  Meeting. 

28.  Secretary. — The  Secretary  or  Secretaries  shall  be  elected  by  the  Council,  and  shall  be  removable  at 
the  will  of  the  Council,  after  due  notice  given.  The  salary  of  the  Secretary  or  Secretaries  shall  be  fixed  by 
the  Council. 

29.  It  shall  be  the  duty  of  the  Secretary,  under  the  direction  of  the  Council,  to  conduct  the  corres- 
pondence of  the  Institution  ;  to  attend  all  Meetings  of  the  Institution  and  of  the  Council ;  to  take  Minutes  of 
the  proceedings  of  such  Meetings  ;  to  read  the  Minutes  of  the  preceding  Meeting ;  to  announce  donations 
made  to  the  Institution  ;  to  superintend  the  publication  of  such  Papers  as  the  Council  may  direct ;  to  have 
charge  of  the  library,  museum,  and  offices  of  the  Institution  ;  and  to  direct  the  collection  of  subscriptions  and 
the  preparation  of  accounts.  He  shall  also  engage,  and  be  responsible  for,  all  persons  employed  under  him, 
and  generally  conduct  the  ordinary  business  of  the  Institution. 

30.  In  January  of  each  year  the  Council  shall  meet  and  prepare  Lists  for  the  Election  of  the  Council  for 
the  ensuing  year.    These  Lists  shall  be  as  follows,  namely  : — 

1st.  A  List  of  the  names  of  the  President,  Vice-Presidents,  and  Treasurer  for  the  ensuing  year  to  be 
submitted  at  the  Annual  General  Meeting,  for  the  election  in  a  body. 

2nd.  Lists  for  the  Election  of  the  Ordinary  Members  and  Associate  Members  of  Council.  This  List 
shall  contain  the  names  of  the  existing  Ordinary  Members  of  Council  and  Associate  Members  of 
Council,  and  at  least  six  new  names  of  Members, and  at  least  two  new  names  of  .Associates 
Members  of  the  Institution. 

31.  No  addition  shall  be  made  to  the  total  number  of  the  Ordinary  Members  of  the  Council  until  by  death 
or  resignation  their  numbers  shall  have  been  reduced  below  twenty-four,  after  which  their  numbers  shall  be 
raised  to  and  preserved  at  twenty-four.  And  no  addition  shaU  be  made  to  the  Associate  Members  of  Council 
until,  by  death  or  resignation,  their  numbers  shall  have  been  reduced  below  eight,  after  which  their  numbers 
.shall  be  raised  to  and  preserved  at  eight,  always  exclusive  of  the  President,  Vice-Presidents,  and  Treasurer. 

82.  Not  later  than  the  14th  February  in  each  year,  the  complete  Lists  proposed  by  the  Council  for  the 
Ordinary  Council  for  the  ensuing  year  shaU  be  printed,  and  sent  to  aU  Members  to  serve  as  Balloting  Lists.  These 
Lists  shall  contain,  first,  the  names  of  the  existing  ordinary  Members  of  Council,  at  the  time  of  the  preparation 
of  the  Balloting  List,  together  with  six  new  names  of  Members  of  the  Institution  (or,  if  the  number  shaU 
have  been  reduced  below  twenty-four,  then  so  many  new  names  as  shall  be  needed  to  bring  the  number  up  to 
thirty),  and  the  whole  of  these  names  shall  be  printed  in  alphabetical  order,  vrithout  any  distinction  of  type. 
Secondly,  the  names  of  the  existing  Associate  Members  of  Council,  at  the  time  of  the  preparation  of  the 
Balloting  List,  together  with  two  new  names  of  Associates  of  the  Institution  (or,  if  the  number  shall  have 
been  reduced  below  eight,  then  so  many  new  names  as  shall  be  needed  to  bring  the  number  up  to  ten),  and 
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these  names  also  sliall  be  printed  in  alphabetical  order,  without  distinction  of  type.  From  these  Lists  the 
new  Council  shall  be  elected.  Every  Member  shall  be  at  liberty  to  strike  out  any  name  on  the  List,  but  he 
must  strike  out  six  names  from  the  list  of  Members  of  Council,  and  two  names  from  the  List  of  Associate 
Members  of  Council. 

33.  A  similar  Balloting  List  (in  which,  however,  the  names  of  the  ordinary  Members  of  Council  proposed 
for  Election  shall  not  be  included)  shall  be  printed  and  sent  to  all  Associates  of  the  Institution,  to  serve  as  a 
Balloting  List  for  Associates,  from  which  the  voting  for  Associate  Members  of  Council  shall  be  taken.  Every 
Associate  shall  be  at  liberty  to  strike  out  any  names  on  that  List ;  but  he  inust  reduce  the  number  by  strikiug 
out  tivo  names  from  the  List  of  Associate  Members  of  Council. 

34.  The  Balloting  Lists  may  be  sent  by  post  or  otherwise  to  the  Secretary,  so  as  to  reach  him  before  the 
day  and  hour  named  for  the  Annual  General  Meeting,  or  they  may  be  personally  presented  by  the  Members 
and  Associates  at  the  opening  of  the  Annual  General  Meeting. 

35.  At  the  opening  of  the  Annual  General  Meeting  the  order  of  business  shall  be  : — 
(1.)  To  read  and  consider  the  Eeports  of  the  Council  and  Treasurer. 

(2.)  To  read  the  List  of  Officers  and  Nomination  for  Council  for  the  ensuing  year,  proposed  by  the 
Council. 

(8.)  The  Chairman  shall  next  put  to  the  Meeting  the  List  containing  the  names  of  the  President,  Vice- 
Presidents,  and  Treasurer,  for  election  for  the  ensuing  year. 

(4.)  The  Chairman  shall  next  nominate  two  Scrutineers  (of  whom  one  only  shall  be  a  Member  of  the 
existing  or  proposed  Council),  and  shall  hand  to  them  the  Ballot  Boxes  containing  the  Voting 
Papers  for  the  Ordinary  Members  of  Council  and  Associate  Members  of  Council ;  and 

(5.)  The  Scrutineers,  assisted  by  the  Secretary  and  his  Clerks,  shall  receive  the  Ballot  Papers  which 
may  have  reached  him,  and  all  others  which  may  be  presented  by  Members  or  Associates  at  the 
Meeting.  The  Scrutineers  shall  then  retire,  and  verify  the  Lists,  and  count  the  votes  ;  and  shall, 
not  later  than  the  following  day,  report  to  the  Chairman  the  names  which  have  obtained  the 
greatest  number  of  votes,  subject  to  the  conditions  of  the  Ballot.  The  Chairman  shall  then  read 
the  List  presented  by  the  Scrutineers,  and  shall  declare  the  gentlemen  named  in  the  List  to  be 
duly  elected. 

(G.)  After  the  Ballot  shall  have  been  taken,  and  the  Scrutineers  have  retired,  the  Meeting  will  proceed 
to  the  other  business  before  it. 

36.  The  new  Council  and  Officers  shall  take  office  immediately  after  the  close  of  the  Annual  General 
Meeting. 

DESIGNATION  OF  MEMBERS  AND  ASSOCIATES. 

87.  Any  Member,  Associate,  Honorary  Member,  or  Honorary  Associate,  having  occasion  to  designate 
himself  as  belonging  to  the  Institution,  shall  state  the  class  to  which  he  belongs  according  to  the  following 
abbreviated  forms,  viz.  M.I.N. A.  ;  Assoc.  I.N.A. ;  Hon.  Mem.  I.N. A. ;  Hon.  Assoc.  I.N.  A. 

ELECTION  OF  MEMBERS  AND  ASSOCIATES. 
38.  Admission  of  Members. — Every  Candidate  for  admission  into  the  Class  of  Members,  or  for  transfer 
into  that  Class  from  the  Class  of  Associates,  shall  be  more  than  twenty-five  years  of  age,  and  shall  comply 
with  the  following  Regulation  : — 

He  shall  submit  to  the  Council  a  statement,  showing  that  he  has  been  professionally  engaged  in  ship- 
building or  marine  engineering  for  at  least  seven  years  in  some  public  or  private  shipbuilding 
establishment,  or  marine  engine  works,  and  setting  forth  the  grounds  upon  which  he  bases  bis 
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claims  to  be  considered  a  professional  Naval  Architect  or  Marine  Engineer,  and  to  be  admitted  a^ 
sncli  to  the  Mcmborsliip  of  the  Institution.    This  shall  l)e  signed  by  at  least  three  Members,  whose 
signatiu-es  shall  certify  their  personal  knowledge  of  the  Candidate,  and  approval  of  his  statement ; 
or,  in  the  case  of  peiTBons  not  British  born,  the  signatures  of  throe  Members  shall  be  ref[uircd,  in 
confirmation  of  then-  personal  knowledge  of  the  Candidate's  scientific  reputation. 
89.  These  preliminary  conditions  being  satisfied,  the  Council  shall  then  consider  whether  the  jiractical 
experience  and  professional  attainments  of  the  Candidate  are  such  as  entitle  him  to  be  brought  forward  by 
the  Council  as  a  Naval  Architect,  or  Marine  Engineer  conversant  with  Naval  Architecture.    If  four-fifths  at 
least  of  the  received  votes  of  the  professional  Members  of  the  Council  are  in  favour  of  his  application,  and 
such  four-fifths  constitute  a  majority  of  the  professional  Members  of  the  Council,  his  proposal  for  admission 
shall  be  submitted  to  the  Members  of  the  Institution  (who   shall  have  access   to  the  applicant's  state- 
ment), at  an  Ordinary  Meeting  of  the  Institution,  for  them  to  vote  upon,  by  ballot. 

40.  AdmUsion  of  Associates. — Candidates  for  Associateship  shall  submit  to  the  Council  a  proposal  for 
their  admission,  setting  forth  therein  a  statement  of  their  claims  to  be  admitted  as  Associates.  Their 
proposal,  if  approved  by  the  Council,  shall  be  submitted  by  them  at  an  Ordinary  Meeting  of  the  Institution, 
for  the  Members  and  Associates  jointly  to  vote  upon  by  baUot. 

41.  The  proportion  of  votes  for  deciding  the  election  of  Members  and  Associates  shall  be  at  least  four- 
fifths  of  the  numbers  recorded; 

SUBSCRIPTIONS. 

42.  Each  Member  and  Associate  shall  pay  an  Entrance  Fee  of  two  guineas,  and  an  Annual  Subscription 
of  two  guineas  in  advance  ;  the  first  Subscription  being  payable  on  his  election,  and  all  futiu'e  ones  on  the 
Ist  day  of  January  of  each  year.  Any  Member  or  Associate  withdi-awing  from  the  Institution  after  that  date 
is  still  liable  for  the  amount  of  Subscription  due  on  that  day. 

43.  Any  Member  or  Associate  may  compound  for  his  Annual  Subscription,  for  life,  by  a  single  payment  of 
not  less  than  thirty  guineas. 

44.  No  person's  name  shall  be  entered  on  the  Eoll  as  Member  or  Associate  of  the  Institution  nor  possess 
the  privileges  of  Membership  (except  it  be  on  the  honorary  list)  until  he  shall  have  paid  his  first  subscription 
or  the  life-composition,  and  if  the  payment  be  delayed  for  more  than  twelve  months  from  the  date  of  his 
election,  the  same  shall  be  void,  unless  the  Council  otherwise  direct. 

45.  The  Secretary  shall  at  the  close  of  every  year  notify  to  all  Members  and  Associates  whose  subscrip- 
tion for  that  year  shall  not  have  been  paid,  that  it  will  be  his  duty  to  report  accordingly  to  the  Council,  and  he 
shall  at  the  same  time  furnish  the  person  whose  subscription  is  in  arrear  with  copies  of  this  and  of  the  two 
following  Rules. 

46.  The  Secretary  shall  before  Easter  in  every  year  lay  before  the  Coimcil  a  Ust  of  all  Members  and 
Associates  whose  subscriptions  for  the  two  previous  years  shall  be  still  unpaid,  and  unless  the  Council  shall 
otherwise  direct,  the  names  of  those  in  arrear  shall  be  expunged  from  the  Roll  of  Members  and  Associates, 
and  shall  not  be  replaced  without  re-election  in  due  form.  Provided  always  that  the  Council  shall  at  any  time 
within  two  years  therefi-om  have  power  to  dispense  with  such  re-election,  and  to  restore  the  name  to  the  RoU 
upon  payment  of  all  subscriptions  then  due  and  upon  cause  being  shown  to  the  satisfaction  of  the  Council 
why  such  subscriptions  were  not  previously  paid. 

47.  Nothing  herein  contained  shall  prejudice  the  right  of  the  Institution  to  the  legal  recovering  of  all 
arrears  of  subscriptions  up  to  the  date  of  striking  the  name  off  the  Rolls. 
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48.  lu  case  the  Council  should  be  of  opinion  that  any  member,  who  has  been  long  distinguished  in  his 
professional  career,  from  ill-health,  advanced  age,  or  other  sufficient  causes,  should  not  be  called  upon  to  continue 
his  annual  subscription,  they  may  remit  it.  Also  they  may  remit  any  arrears  which  are  due  from  an  individual, 
or  may  accept  a  collection  of  books,  or  drawings  or  models,  or  such  other  contribution  as,  in  their  opinion, 
under  the  circumstances  of  the  case,  may  entitle  the  person  to  be  enrolled  as  a  Life  Subscriber,  or  to  enable 
him  to  resume  his  former  rank  in  the  Institution  which  may  have  been  in  abeyance  from  any  particular  causes. 
These  cases  must  be  considered  and  reported  upon  by  a  Sub-Committee  named  for  the  purpose. 

49.  In  case  the  expulsion  of  any  individual  shall  be  judged  expedient  by  ten  or  more  Members,  and  they 
think  fit  to  draw  up  and  sign  a  proposal  requiring  such  expulsion,  the  same  being  delivered  to  the  Secretary 
shall  be  by  him  laid  before  the  Council  for  consideration.  If  the  Council,  after  due  inquiry,  do  not  find  reason  to 
concur  in  the  joroposal,  no  entry  thereof  shall  be  made  in  any  Minutes,  nor  shall  any  public  discussion  thereon 
be  permitted ;  but  if  the  Council  do  find  good  reason  for  the  proposed  expulsion,  they  shall  direct  the  Secretary 
to  address  a  letter  to  the  person  proposed  to  be  expelled,  advising  him  to  withdraw  from  the  Institution.  If 
that  advice  be  followed,  no  entry  on  the  Minutes,  nor  any  public  discussion  on  the  subject  shall  be  permitted  ; 
but  if  that  advice  be  not  followed,  nor  a  satisfactory  explanation  given,  the  Council  shall  call  a  Special  General 
Meeting  of  Members  and  Associates,  for  the  purpose  of  deciding  on  the  question  of  expulsion ;  and  if  twn- 
thirds  of  the  persons  present  at  such  Special  General  Meeting,  provided  the  number  so  present  be  not  less 
than  thirty,  vote  that  such  individual  be  expelled,  the  Chairman  of  that  Meeting  shall  declare  such  expulsion 
accordingly,  and  the  Secretary  shall  communicate  the  same  to  the  individual. 

MEETINGS. 

50.  Meetings  for  the  Eeading  of  Papers  shall  be  held  as  frequently,  and  at  such  times,  as  the  Council  may 
determine, 

TRANSACTIONS. 

51.  The  Transactions  of  the  Institution,  including  the  Papers  read  at  the  Ordinary  Meetings,  and  Reports 
of  the  Discussions  by  which  they  are  followed,  shall  be  edited  by  the  Secretary,  and  printed  under  the  direction 
of  the  Council. 

52.  A  copy  of  each  Volume  of  Transactions  shall  be  sent  free  to  every  Member  and  Associate. 

53.  The  Secretary,  under  the  dkection  of  the  Council,  may  dispose  of  the  surplus  stock  of  Transactions 
which  have  been  published  more  than  three  years,  at  a  i^rice  of  not  less  than  One  Guinea  a  Volume,  provided 
a  sufficient  number  remain  on  hand  to  supply  the  probable  demand  of  new  Members  and  Associates  to  complete 
their  sets  by  the  purchase  of  the  back  Volumes. 

CHANGE  OF  ADDRESS. 

54.  Members  and  Associates  are  particularly  requested  to  communicate  to  the  Secretary  any  change  of 
address. 


INTRODUCTORY  PROCEEDINGS. 


The  Meetings  of  this,  the  Twentieth  Session  of  the  Institution  of  Naval  Architects,  were  held  on  the  3rd, 
4th,  and  5th  April,  1879,  in  the  Hall  of  the  Society  of  Arts,  John  Street,  Adelphi. 

The  opening  Meeting  was  presided  overhy  the  Right  Hon.  Lord  Hampton,  G.C.B.,  D.C.L.,  President 
of  the  Institution,  who  commenced  the  proceedings  by  calling  upon  the  late  Hon.  Secretary,  Mr.  C.  W- 
Mekrifield,  to  read  the  Report  of  the  Council,  which  was  as  follows : — 

REPORT  OF  THE  COUNCIL,  1879. 

The  Council  of  the  Institution  is  glad  to  be  able  to  report  to  the  Members  and  Associates  that 
the  finances  of  the  Institution  are  in  a  satisfactory  condition. 

There  is  likely  to  be  a  small  surplus  in  the  course  of  the  present  year,  at  the  end  of  which  it  is 
to  be  expected  that  the  balances  in  hand  will  be  increased. 

On  the  resignation  by  Mr.  Woolley  of  the  office  of  Secretary,  consequently  on  his  having 
obtained  other  employment,  Mr.  Merrifield,  acting  under  the  directions  of  the  House  Committee,  was 
kind  enough  to  undertake  temporarily  the  duties  of  Secretary  until  a  successor  could  be  appointed,  and 
this  arrangement  was  confirmed  by  the  Council.  It  was  thought  best  to  advertise  the  vacancy.  From 
among  a  considerable  number  of  applicants,  the  Council  selected  Mr.  G.  Holmes,  and,  under  No.  28 
of  the  Bye-Laws,  appointed  him  Secretary  accordingly. 

The  Council  is  happy  to  report  that  the  Library  Fund  started  last  year  has  been  subscribed 
to  by  Fifty  Gentlemen,  who  have  contributed  between  them  ^331  9s.  Of  this  sum,  .£243  2s.  was  paid 
to  the  credit  of  the  Institution  in  the  year  1878,  and  .£88  7s.  has  been  already  received  this  year. 
£245  Is.  7d.  has  been  expended  in  furnishing  and  in  augmenting  the  Library,  leaving  over  a 
balance  of  £86  7s.  5d.  to  be  employed  in  furtherance  of  the  objects  for  which  the  Fund  was  started, 
in  addition  to  which  the  Entrance  Fees  of  all  New  Members  and  Associates  will  be  devoted  to  the 
same  purpose. 

The  Gold  Medal,  of  the  value  of  £25,  offered  by  Mr.  R.  Carlyle  for  the  best  Paper  submitted 
to  be  read  at  the  Annual  General  Meeting  of  the  Institution  of  Naval  Architects  in  1879,  "  On  the 
Construction  of  the  Screw  Propeller,  its  Form,  Number  of  Blades,  Pitch  in  Proportion  to  Diameter, 
dc,  so  as  to  give  the  Smallest  Amount  of  Slip  tcith  the  Greatest  Amount  of  Propulsion  for  a  Ton  of 
Coal,"  has  been  awarded  to  A.  J.  Maginnis,  Esq.,  as  the  author  of  the  best  Paper  submitted  for  the 
competition. 

The  Council  notices  with  satisfaction  that  the  popularity  of  the  Institution  is  steadily  increasing, 
many  New  Members  and  Associates  having  joined  since  the  last  Meeting. 

The  Council  has  to  deplore  the  loss  by  death  of  four  Associates  of  the  Institution,  viz  : — 
R.  Carlyle,  Esq.,  Auditor;  P.  A.  Chessar,  Esq.,  Associate;  G.  Marshall,  Esq.,  Associate;  and 
T.  B.  Spence,  Esq.,  Associate. 
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INSTITUTION  OF  NAVAL  AECHITECTS, 
Statement  of  Income  and  Expenditure  for  the  Year  1878. 


1877.  £    s.  d. 

Dec.  30th.  To  Balance    546   8  11 

In  Secretary's  hands   28  16  I3 

1878. 

Dec.  31st.  To  Cash  received  : — 

Annual  Subscriptions  

Volumes  sold   

Admiralty  Grant  

Library  Fund   

Waste  Paper  sold   

Eent  of  Canoe  Club   


575    5  OJ 


1,049  10  10 
92  13  6 
250   0  0 
243    2  0 
0  10  0 
20    0  0 


£2,231   1  4^ 


1878.  £ 
Dec.  31st.  By  Cash  paid  : — 

Rent  of  Rooms    238 

Cleaning  ditto   26 

Attendance  at  London  Meetings  17 

Reporting  at  ditto   45 

Abstract  of  Proceedings    13 

Advertising   31 

Printing  Vol.  XVIII   341 

Engraving,  Vol.  XVIII   129 

Printing  Engravings  Vol.  XVIII.  23 

Binding  Vol.  XVIII   46 

Cutting  Plates  for  covers  (Bind- 
ing Vol.  XVIII.)   5 

Despatch  of  Vols.  XVIII.  and 

XIX   62 

Miscellaneous  Printing,  1877  ...  98 

Lithography,  Vol.  XIX   7 

Bankers'  Charges   

Stationery,  1877   37 

Fire  Insurance    2 

Drawing  up  Lease   12 

Auditing  Books    5 

Cost  of  Exhibits  at  Paris   7 

Petty  Disbursements   66 

Furniture  and  Repairs    196 

Removal  from  20,  John  Street...  9 

Library  Expenses    48 

Secretary's  Salary,  with  £100 

donation    313 

Salary  of  Assistant  Secretary  ...  130 

Ditto    Boya    27 

Extra  Attendance    14 

Austrian  Consulate  repaid 
Cheque  

In   Secretary's  hands — Current 

Expenses    19 

Ditto — Annual  Subscription    21 

Balance  in  Treasurer's  hands  ...  226 


14  0 
16  9 


12  6 

0  0 

15  6 

8  0 


6  0 
11  6 

7  6 
9  8 

10  0 

7  11 

10  2 

15  0 


£    s.  d. 


265  10  9 


107  16  0 


714  17  9 
0    8  10 


9  7 

10  0 

14  6 

0  0 

12  0 

17  5i 
2  9 
19  6 

18  10 

14  2 
0  0 

15  0 
18  6 


873  12  4 


2   2  0 


7  7i 
0  0 
0  1 


-  266  13  8i 
£2,231    1  4J 


C.  W.  MERKIFIELD,  Acting  Hon.  Sec. 
J.  D'A.  SAMUDA,  TreaMrer. 


I  have  examined  the  above  written  entries  with  the  books, 
and  find  them  correct. 


Ut  April  1879. 


JAMES  MACKENZIE,  Auditor. 
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The  following  List  of  Donations  to  the  Library  was  read  by  the  late  Honorary  Secretary  :— 

"  Proceedings  of  the  Royal  Society,"  Vol.  XXVII.    Presented  by  the  Ih)yal  Society. 

"  Minutes  of  the  Proceedings  of  the  Institution  of  Civil  Engineers,"  Vols.  LI.,  LIL,  LIII.,  and 
LIV.    Presented  by  the  Institution  of  Civil  Enyincers, 

"  Proceedings  of  the  Institution  of  Mechanical  Engineers  for  1878.  Presented  hy  the  Institution 
of  Mechanical  Enyineers. 

"  Journal  of  the  Iron  and  Steel  Institute  for  1878.    Presented  by  the  Iron  and  Steel  Institute. 

"  Journal  of  the  Royal  United  Service  Institution  for  1878."  Presented  by  the  Iloyal  United 
Service  Institution. 

"  Journal  of  the  Society  of  Arts  for  1878."    Presented  by  the  Society  of  Arts. 

"  Transactions  of  the  Institution  of  Engineers  and  Shiphuilders  in  Scotland,"  Vol.  XXI.  Pre- 
sented by  the  Institution  of  Enyineers  and  Shipbuilders  in  Scotland. 

"  Transactions  of  the  Society  of  Engineers  for  1878."    Presented  by  the  Society  of  Enyineers. 

"  Annual  Report  of  the  Board  of  Regents  of  the  Smithsonian  Institution  for  187G-7."  Presented 
by  the  Board  of  lieyents. 

"  Lloyd's  Register  of  British  and  Foreign  Shipping  for  1878-9."  Presented  by  the  Committee  of 
Lloyd's  Peyister. 

"  Lloyd's  Register  of  Yachts  for  1879."    Presented  by  the  Committee  of  Llotjd's  P^eyister. 
Underwriters' List  of  Iron  Vessels  for  1878-9."    Presented  by  the  Underwriters'  Piegistry  of  Iron 
Vessels,  Liverjjool. 

"  Engineer  for  1878."    Presented  by  the  Proprietors. 
"Engineering  for  1878."    Presented  by  the  Proprietors. 
"  Iron  for  1878."    Presented  by  the  Proprietors. 

"  Revue  Maritime  for  1878."    Presented  by  the  French  Ministry  of  Marine. 
"  Annales  du  Genie  Civil  for  1878."    Presmted  by  M.  Euyene  Lacroi.r,  Paris. 
"  Rivista  Marittima  for  1878."    Presented  by  the  Italian  Ministry  of  Marine. 

"  Proceedings  of  the  Royal  Society  of  Victoria,"  Vol.  XIII.  Presented  by  the  Royal  Society  of 
Victoria. 

*'  The  Theory  of  Strains  in  Gu-ders."    By  Bindon  Blood  Stoney.    Presented  by  the  Author. 

The  following  gentlemen  (being  duly  recommended  by  the  Council)  were  unanimously  elected 
Members  of  the  Institution : — Mr.  Colin  Archer,  Shipbuilder,  Laiarvig,  Norway ;  Mr.  William  Bell, 
Chief  Draughtsman  and  Manager  to  Messrs.  "Walker  &  Co.,  London ;  Mr.  John  Harvard  Biles, 
Draughtsman  in  the  Department  of  the  Controller  of  the  Navy  ;  Mr.  Hans  Andreas  Blom,  Chief  Con- 
structor to  the  Koyal  Norwegian  Navy  ;  Mr.  William  Winsland  Chilcott,  Second  Assistant  to  the  Chief 
Engineer,  Devonport  Dockyard  ;  Mr.  John  Brown  Herreshoff,  Senior  Pai-tner  and  Manager  in  the 
firm  of  Herreshoft"  Manufacturing  Company,  United  States ;  Mr.  Nathaniel  Greene  Herreshoff,  Designer 
in  the  firm  of  Herreshoff  Manufacturing  Company,  United  States ;  Mr.  James  Humphrys  General 
Manager,  Barrow  Shipbuilding  Company,  Barrow-in-Furness ;  Mr.  Edward  luman.  Partner  in  the 
firm  of  Inman  &  Son ;  Mr.  John  George  Kinghorn,  Engineer  Surveyor  to  Lloyd's  Register  of 
British  and  Foreign  Shipping  ;  Mr.  Fritz  F.  Maier,  Manager  to  the  Imperial  and  Eoyal  Station  for 
the  Improvement  of  Iron  and  Steel  Industries,  Stadt  Stej^r,  Austria  ;  Mr.  William  Paulson,  Sm-veyor 
to  Lloyd's  Eegister  of  British  and  Foreign  Shipping;  Mr.  George  Wightwick  Eendel,  Partner  in 
the  firm  of  Messrs.  Rendel  Bros.,  Newcastle-on-Tyne ;  Mr.  George  William  Sivewright,  Chief 
Draughtsman  in  the  firm  of  Messrs.  Edward  Withy  &  Co.,  Hartlepool;  Mr.  Wasteney  Smith, 
Consulting  Engineer,  Newcastle-on-Tyne ;  Mr.  William  Camper  Storey,  Designer  and  Constructor  for 
Messrs.  Camper  and  Nicholson,  Gosport ;  Mr.  John  A.  Tobin,  Marine  Engineer  and  Draughtsman, 
United  States  Navy;  Mr.  William  Walker,  Partner  in  the  firm  of  Messrs.  Walker  &  Co.,  London. 


xxii  IXTEODUCTIOX. 

The  Presidext  (Lord  Hampton)  then  proceeded  to  deliver  the  following  Opening  Address  : — 

Gentlemen,  in  commencing  our  proceedings  of  this  year  with  a  few  opening  words,  as  I 
have  been  in  the  habit  generally  of  doing,  it  gives  me  the  gi-eatest  pleasure  and  satisfaction  to  advert 
to  what  you  have  just  heard  as  the  contents  of  the  Eeport  of  the  Council,  because  you  wiU  have 
learnt  fi-om  that  Report  of  the  Council  that  the  Institution  which  is  now  holding  its  session  stands  in 
circumstances  of  the  most  satisfactory  character,  especially  in  the  important  and  essential  item  of 
finance.  I  think  I  may  say,  and  for  reasons  to  which  I  will  presently  again  advert  I  am  pecuhai'ly 
happy  to  be  able  to  say  it,  that  I  do  not  think  during  the  period  this  Institution  has  existed  we  have 
ever  met  under  circumstances  of  greater  prosperity,  and  altogether  of  a  more  satisfactory  nature. 
(Hear,  hear.)  One  item  in  that  satisfaction  I  think,  gentlemen,  you  must  all  have  felt  fi-om  the  last 
act  we  did,  which  was  unanimously  to  elect  a  remarkably  eligible  and  desu-able  list  of  additional 
members  of  this  Institution,  most  of  them — I  believe  I  might  say  without  exaggeration  aU  of  them — 
men  who  are  likely  to  contribute  most  accui'ately  and  most  usefully  to  the  great  objects  for  which  we 
are  founded. 

Gentlemen,  I  wiQ  now  advert,  if  you  please,  to  that  which  of  course  is  most  interesting  to  us 
all  at  the  present  moment,  namely,  the  nature  of  the  business  which  in  the  eom-se  of  the  next  three 
days  we  shall  proceed  to  transact ;  and  when  I  say  that,  I  mean,  of  com'se,  the  papers  which  will  be 
brought  before  us.  There  are  about  the  usual  number  of  papers.  There  is  a  fair  and  sufficient 
number  for  each  of  om*  sittings,  and  they  relate,  as  they  generally  do  on  these  occasions,  to  almost 
every  branch  of  this  interesting  subject  of  naval  architecture.  But  they  also  relate,  and  perhaps  in 
a  larger  proportion  than  usual,  to  those  subjects  which  I  think  are  aow  peculiarly  interesting  and 
exciting  to  the  public  mind,  perhaps  never  more  so,  namely,  the  questions  relating  to  naval  armament 
as  well  as  to  naval  architectiu-e.  These  two  great  subjects  of  naval  armament  and  naval  architecture 
are  so  inseparably  united  that  I  think  I  correctly  represent  the  fcehng  of  this  Institution  when  I  say 
that  we  have  always  felt  that  it  is  impossible,  even  if  it  were  desirable,  which  I  confess  I  do  not  think 
it  is,  for  us  to  draw  anything  like  a  line  of  broad  distinction  between  them.  We  shall  this  morning 
commence  the  proceedings  of  this  session  with  some  papers  of  some  remarkable  interest  upon  the 
question  of  naval  armament,  and  those  papers  wiU  derive  additional  interest  from  the  eminence  and 
known  competence  of  the  pens  from  which  they  proceed.  Gentlemen,  the  first  paper  which  will  be 
read  to  you  is  a  paper  on  "  Armoured  Ships  of  War,"  by  Admiral  Sir  Spencer  Eobinson.  I  need  not 
do  more  than  mention  the  name  of  my  gallant  and  distinguished  friend,  Su-  Spencer  Eobinson,  to 
convince  you  that  the  great  subject  of  armoured  ships  of  war  could  not  possibly  be  treated  by  a 
gentleman  more  competent  to  illustrate  in  the  most  interesting  manner  the  views  which  he  may 
entertain.  The  next  subject  is  a  paper  on  "  Armom-  for  Ships."  That  will  be  read  by  Mr.  Barnaby, 
the  Director  of  Naval  Construction ;  and  these  two  subjects  of  armoured  ships  of  war  and  armom-  for 
ships  are  so  closely  connected  that  it  has  been  suggested  to  me,  and  I  hope  you  will  all  concm-  in  that 
suggestion,  that  it  might  be  well  for  the  two  papers  to  be  read,  and  then  for  the  discussion  to  take 
place  on  the  two  papers  together  ;  and  therefore,  subject  to  your  approbation,  I  shall  propose  to  take 
that  course.  Gentlemen,  the  third  paper  is  one  which  is  not  only  of  very  great,  but,  at  this  particular 
moment,  is  one  of  very  painful  interest.  It  is  one  by  oiu:  well-known  friend,  Mr.  Menifield,  on  the 
subject  of  '*  Naval  Guns."  The  lamentable  event  on  board  the  Thunderer,  of  course,  you  will  all  feel 
invests  this  subject  with  peculiar  interest  at  the  present  moment,  and  we  shall  all,  I  am  sure,  be 
desirous  to  hear  the  views  which  Mr.  Merrifield's  paper  will  express,  and  we  shall  be  anxious  to  hear 
the  discussion  upon  the  views  which  he  will  so  submit  to  our  consideration.  It  would  be  premature — 
indeed  I  think  it  would  be  more  than  premature,  it  would  be  presumptuous,  gentlemen,  on  my  pai-t,  as  a 
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civilian,  if  I  were  now,  before  hearing  that  paper,  to  express  an  opinion  of  my  own;  hut  the  fact  of  my 
having  been  at  various  times  more  or  less  connected  with  these  branches  of  the  service  of  the  country, 
of  course  makes  me  feel,  with  the  rest  of  the  public  indeed,  but  perhaps  peculiarly,  interested  in  this 
subject,  and  of  however  little  value  my  opinion  may  be,  I  cannot  refrain  from  saying  that  the  tendency 
— I  will  not  say  more  than  that — of  what  has  taken  place  with  regard  to  the  unfortunate  accident  on 
board  the  Thunderer,  has  been  more  and  more  to  incline  my  mind  to  the  o])inion,  that  we  shall 
ultimately  find  that  breech-loading  is  the  best  system  for  the  armament  of  the  navy.  These  interesting 
questions  are  not  limited,  gentlemen,  to  the  three  papers  to  which  I  have  referred.  On  our  last  moming  I 
find  the  first  paper  will  be  one  "On  the  Most  Powerful  L-onclad,"  by  Admiral  Selwyn;  and  here  again  we 
shall  find  a  subject  of  the  greatest  national  interest  treated  by  a  gentleman  as  competent  as  any 
gentleman  can  be,  I  think,  to  lay  before  us  sound  views  upon  the  subject  to  which  his  paper  will 
relate. 

Gentlemen,  I  will  not  detain  you  longer  by  making  any  further  remarks  upon  the  papers  to  be 
brought  before  us ;  I  will  only  say  that  on  this  occasion,  as  on  all  previous  occasions,  I  hope  I  shall  be 
supported,  as  yom*  President  in  the  chair,  by  the  meeting,  in  adhering  to  those  rules  which  we  have 
always  acted  upon  on  these  occasions,  namely,  that  from  a  sense  of  fairness  to  those  who  are  to  follow, 
the  length  of  the  papers  shall  be  limited  to  twenty  minutes,  and  the  length  of  the  speeches  in  the 
discussion  to  ten  minutes  each,  with  the  limit  that  the  whole  discussion  is  not  to  exceed  an  hour.  I 
think  that  has  been  our  rule  hitherto.  Of  course,  if  the  general  sense  of  the  meeting  should  dictate 
any  deviation  from  this  course  the  general  sense  of  the  meeting  will,  no  doubt,  be  indicated,  and  of 
course  it  will  be  my  duty  to  obey  whatever  may  be  the  decision  of  the  meeting,  but,  subject  to  that,  I 
hope  I  shall  be  supported  in  adhering  to  the  rules  upon  which  we  have  hitherto  acted,  and  which,  I 
think  I  may  venture  to  say,  we  have  found  very  conducive  to  the  satisfactory  conduct  of  ouv 
proceedings. 

Gentlemen,  I  must  turn  for  a  moment  to  the  internal  affairs  of  our  Institution.  I  have  already 
congratulated  you,  and  I  think  it  is  a  subject  of  congratulation,  that  the  new  members  of  the  Institution 
are  so  many  and  so  eligible  as  they  are.  The  Council  notices,  in  one  of  the  paragraphs  of  the  Report, 
the  increasing  popularity  of  the  Institution,  as  illustrated  by  the  number  of  members  who  have  lately 
joined.  There  is  another  subject  to  which  I  must  refer,  because  it  is  one  relating  directly  to  the 
internal  arrangements  of  this  Institution ;  it  is,  that  I  think  there  was  some  degree  of  complaint 
some  time  ago  from  the  idea  that  the  mode  in  which  our  various  officers  have  been  selected  has  not 
been  quite  so  open  and  so  popular  as  might  be  desu-able,  and  that  has  rather  borne  hardly  upon  those 
gentlemen  conversant  with  the  objects  of  this  Institution  who  reside  at  a  distance  from  London.  This 
question  has  been  taken  into  consideration  by  the  Council.  About  a  year  ago — not  so  much  as  a  year 
ago,  indeed— a  Committee  was  appointed  to  consider  whether  the  organisation  of  this  Institution 
might  not  be  improved,  and  the  result  has  been  that  a  new  code  of  rules  has  been  di-awn  up, 
regulating,  in  quite  a  new  manner,  the  election  of  our  Council  and  of  our  various  officers  from  time 
to  time.  These  new  regulations  have  been  carefully  considered  by  the  Council,  and  have  been  adopted 
by  the  Council,  but  the  Council  are  of  opinion  that  they  ought  to  be  approved.  It  is  only  due  to  the 
general  members  of  the  Institution  that  they  should  be  approved  by  the  whole  body  of  the  members, 
and,  no  doubt,  this  is  the  proper  occasion  for  taking  that  course.  I  think  every  member  of  the 
Institution  on  entering  the  building  to-day  will  receive  a  printed  coj)y  of  the  new  regulations  as 
proposed,  and  I  would  suggest  to  you  that  to-morrow  morning  we  should  meet  an  hom-  earher  than 
usual,  that  we  should  meet  in  this  hall  at  eleven  o'clock  instead  of  twelve,  and  that  then  these  new 
rules  might  be  submitted  to  the  members  of  the  Institution,  to  be  finally  decided  upon  by  them.  That 
is  the  course  which  it  is  jjroposed  we  should  take  on  this  subject. 
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Gentlemen,  there  is  another  change  in  our  internal  arrangements  which  I  think  it  behoves  me 
now  to  submit  to  your  consideration.  This  is  the  twentieth  occasion  upon  which  I  have  had  the 
honour  of  presiding  over  this  Institution.  (Hear,  hear.)  Twenty  years  have  passed  away  since  you 
first  did  me  the  honour  of  electing  me  as  the  President  of  this  Institution,  and  each  year  I  have 
had  the  honour  of  presiding  in  this  chair.  Well,  gentlemen,  twenty  years  is  a  long  period  of  time  in 
human  life,  and  one  which  we  must  all  come  to  feel  more  or  less,  and  I  cannot  helj)  hoping  that  after 
that  long  connection  with  the  Institution,  the  members  of  it  Avill  be  of  opinion  that  the  time  has  arrived 
when  it  is  desirable,  n-pon  many  grounds,  that  I  should  give  up  this  chair,  and  resign  it  to  the  hands 
of  some  younger  member.  (No,  no.)  It  has  been  to  me,  I  assure  you,  a  service  of  very  great  interest, 
and  I  have  held  it  to  be  one  of  very  great  honour.  I  cannot  but  acknowledge  with  respectful  gratitude, 
the  constant  and  kind  support  which  I  have  received  from  all  members  of  the  Institution, 
especially  from  the  Council,  and  those  members  who  have  taken  the  more  active  part  in  the 
management  of  our  affairs,  and,  gentlemen,  it  has  been  by  the  able  and  active  aid  which  the 
friends  of  this  Institution  have  constantly  given  to  me  and  my  colleagues  in  the  Council,  that  I 
think  I  have  seen  this  Institution  rise  from  infancy  to  maturity,  and  in  rising  from  infancy  to  maturity 
it  has  risen,  like  many  other  institutions,  from  small  beginnings  to  its  present  very  prosperous  condition, 
and  it  is  to  me  a  feeling  of  satisfaction  that,  if  you  will  kindly  allow  me,  as  I  hope  you  will,  to  retire 
from  the  chair  that  I  have  filled  so  long,  that  whoever  will  be  my  successor  will  find  himself  called 
upon  to  preside  over  an  Institution  of  the  most  prosperous,  the  most  successful,  and,  I  may  without 
hesitation  say,  the  most  useful  and  valuable  kind. 


Since  the  issue  of  Vol.  XIX.  the  following  gentlemen  have  been  added  to  the  lists  of  Members  and 
Associates  respectively  : — Messrs.  Colin  Archer,  William  Bell,  John  Harvard  Biles,  Hans  Andreas 
Blom,  William  Winsland  Chilcott,  John  Brown  Herreshoff,  Nathaniel  Greene  Herreshofi",  James 
Humphrys,  Edwin  Inman,  John  George  Kinghorn,  Fritz  F.  Maier,  William  Paulson,  George  Wight- 
wick  Piendal,  George  William  Sivewright,  Wasteney  Smith,  William  Camper  Storey,  John  A.  Tobin, 
William  Walker,  Members  ;  and  Messrs.  William  Barr  ;  Edward  Barrow  ;  Thomas  Black,  Peninsular 
and  Oriental  Steam  Navigation  Company,  Limited ;  John  Darling,  Edward  J.  Hill,  John  Hughes, 
Lieut.  Hastings  K.  Lees,  Charles  William  Littleboy,  Messrs.  Eichardson,  Duck&  Co.,  Stockton-on-Tees ; 
Juste  Guillaume  Liining,  Samuel  Joseph  Mackie,  James  McGregor,  Shipowner  and  Shipbuilder ; 
Bernard  Samuelson,  M.P.  ;  Lieut.  Theodore  Carl  A.  Sandstrom,  Eoyal  Swedish  Navy ;  Hallings 
Tatham,  Shipowner;  and  John  W.  Woodall,  Associates. 

During  the  same  period  the  Institution  has  sustained  the  loss  of  the  following  Associates  by  death  : 
— Pi.  Carlylc,  Auditor;  P.  A.  Chessar,  George  Marshall,  W.  Froude,  M.A.,  F.R.S.,  Vice-President;  and 
T.  B.  Spence. 


PAPERS  AND  DISCUSSIONS. 
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ON  ARMOUR-PLATING  SHIPS  OF  WAR. 


By  Admiral  Sir  R.  Spencer  Robinson,  K.C.B.,  F.R.S.  (Vice-President). 

[Read  at  the  Twentieth  SesBion  of  the  Institutiou  of  Naval  Architects,  3rd  April,  1879,  the  Pught  Hon. 
Lord  Hampton,  G.C.B.,  D.C.L.,  President,  in  the  Chair.] 


The  scope  and  object  of  the  paper  I  have  undertaken  to  read  is  one  which  I  know  you 
will  consider  of  the  greatest  importance.  It  has  no  less  an  aim  than  that  of  suggesting  for 
your  consideration  a  method  of  using  such  armour-plating  as  we  require  on  the  sides  and  other 
parts  of  our  ships  of  war,  more  effectively  than  at  present.  The  time  that  can  be  given  to  the 
reading  and  discussion  of  any  paper  in  this  hall  is,  as  you  all  know,  extremely  brief,  and  I  and 
others  are  therefore  compelled  to  dwell  only  on  such  parts  of  the  subject  as  are  absolutely 
necessary  for  the  enforcement  of  our  views.  We  must  leave  as  sketches  and  suggestions 
much  that  is  required  to  build  up  a  compact  and  solid  argument. 

In  calling  the  attention  of  naval  architects  and  engineers  to  a  mode  of  giving  to  the  sides 
of  armour-plated  ships  a  more  effective  defence  against  projectiles,  I  beg  leave  to  state  that  I 
am  by  no  means  forgetful  of  the  convictions  firmly  held  by  no  inconsiderable  or  unenlightened 
members  of  these  professions,  namely,  that  all  side  armour-plating  is  a  mistake  ;  and  that,  at 
all  events,  an  unsinkable  ship  may  more  surely  be  constructed  by  a  thoroughly  well-devised 
cellular  system,  in  conjunction  with  an  armoured  water-tight  deck,  than  by  the  cumbrous 
application  of  heavy  armour  to  the  sides  of  ships. 

Now,  though  I  willingly  admit  that  there  is  something  of  great  weight  in  such  an  opinion, 
I  do  not  myself  doubt,  that  considering  all  the  circumstances  of  naval  warfare,  if  the 
side  armour  can  be  made  to  resist  the  entrance  of  the  projectiles  hurled  against  it,  the  ship 
so  provided — so  encumbered,  if  you  will — must  come  victorious  out  of  many  struggles  in  which 
the  cellular  system  would  succumb. 

We  all  know  that  at  a  certain  stage  of  the  duel  between  guns  and  armour,  the  latter  had 
the  best  of  it ;  and  we  are  all  equally  aware  that  at  present  this  solution  has  been  almost,  if 
not  entirely,  reversed.  I  will  not  deny  that  it  has  been  entirely  reversed,  if  we  simply  consider 
the  potential  effect  of  a  projectile  hurled  from  the  largest  gun  that  can  be  constructed,  against 
the  thickest  side  armour  which  it  has  been  hitherto  possible  to  apply  to  a  sea-going  ship ;  but 
I  think  that  I  am  well  within  the  limits  of  truth  when  I  say  that  from  various  causes  the 
maximum  potential  effect  of  the  projectile  will  much  less  often  be  obtained  in  practice 
than  is  generally  supposed 

Since  we  began  thf  use  of  armour-plating,  the  destructive  powers  of  artillery  have 


4 


ON  ARMOUK-PLATING  SHIPS  OF  WAE. 


increased  in  a  ratio  almost  fabulous.  The  initial  velocities  of  projectiles,  their  weight,  their 
size,  their  energy  on  impact,  their  form,  their  substance,  have  all  added  to  the  difficulty  of 
the  defence,  have  unceasingly  called  upon  the  naval  architect  for  larger  and  larger  protective 
weights,  and  so  have  compelled  him  to  use  many  contrivances  for  limiting  to  the  utmost  the 
area  of  the  protection  he  is  able  to  give.  The  other  requirements  of  modern  ships  have  not 
assisted  him  in  so  sparing  weights  as  at  all  to  reduce  the  balance,  or  lessen  the  necessity  for 
enormous  displacements  in  his  designs. 

I  have  been  enabled  by  the  kindness  of  the  officers  of  the  Controllers'  Department,  who 
have  supphed  me  with  all  information  I  asked  for,  to  draw  up  the  following  table,  which 
will  show  at  a  glance  the  continued  increased  proportion  of  the  total  displacement  absorbed  by 
the  protective  weights  which  the  naval  architect  is  compelled  to  provide,  as  well  as  the 
lessening  area  over  which  that  protection  can  be  made  to  extend  : — 


Table  A. 


NA3IES  OF  Ships 


Warrior   

Minotaur   

Bellerophon .. 

Hercules  

Alexandra  ... 
Glatton   


Devastation... 
Dreadnought. 


Inflexible. 


Displace- 
ment at 
load  line. 


Tons. 
9,210 

10,690 

7,550 

8,680 
9,490 

4,910 

9,330 
10,820 

11,400 


Total 
weight  of 
armour.in- 
cludiiig 
backing 
carried  by 
the  .Ship 
&  Turrets. 


Jlaximuni  weight  of 
JIaximum  thickness  'sijuare  foot  of  armour  Proportioni 
of  armour  &  backing,  and  backiug,including  ofdisplace 


Tons. 
1,354  I 

2,106  [ 

1,273  [ 

1,949  [ 


2,348 

1,965 

2,961 
3,666  1^ 

3,553  ^ 


On  Sides.  OnTurrets 


4^  iron. 

None. 

18  teak. 

5h  iron. 

10  teak. 

6  iron. 

yj 

10  teak. 

J) 

9  iron. 

22  teak. 

12  iron. 

12  teak. 

)) 

14  iron. 

14  iron. 

15  teak. 

15  teak. 

12  iron. 

14  iron. 

18  teak. 

15  teak. 

14  iron. 

14  iron. 

15  teak. 

15  teak. 

24  iron. 

16irn&stl 

17  teak 

18  teak. 

skin  and  frames. 


On  Sides.  OnTurrets 


lbs. 

284 

297 
383 

511 

645 

6G0 
664 


]  751 


I  1,150 


None. 


700 

726 
726 

802 


ment  to 
protective 
armour. 


6-38  I 
5-08  ^ 
5-93  1^ 

4-45  I 
4  00  I 

2-50  I 

315  [ 
2.95  I 

3'26  } 


Approximate  extent  of  the  protection  afforded  to 
the  ship  by  armour,  with  reference  to  the  water 
line  and  batteries. 


213  ft.  of  water  line  out  of  360  ft.  extending 
5^  ft.  under  water,  and  213  ft.  of  battery. 

Entirely  from  stem  to  stern,  and  over  the 
whole  length  of  the  battery,  about  400  ft. 

91  ft.  of  battery,  whole  of  water  line,  about 
300  ft.,  and  6  ft.  below. 

72  ft.  of  central  battery,  20  ft.  at  the  ex- 
tremities, all  the  water  line,  about  320  ft., 
extending  6  ft.  below. 

75  ft.  of  central  battery,  44  ft.  of  upper 
battery,  all  the  water  line,  about  320  ft., 
and  6  ft.  below. 

87  ft.  of  breastwork,  1  Turret,  all  the  water 
line,  about  240  ft.  long,  extending  at  light- 
ing draft  6  ft.  below. 

153  ft.  of  breastwoi  k,  2  Turrets,  all  the  water 
line,  about  280  ft.  long,  and  5  ft.  below. 

186  ft.  of  breastwork,  2  Turrets,  all  the  water 
line,  about  320  ft.  long,  and  5  ft.  8  in.  below. 

110  ft.  of  battery,  2  Turrets,  and  110  ft.  of 
water  line  out  of  about  320  ft.  are  defended 
by  .side  armour,  the  remainder  of  the  water 
line  is  protected  by  an  armoured,  water- 
tiy-ht  dock  below  the  water. 


The  figures  I  have  given  may  not  be  absolutely  correct,  but  they  are,  I  believe,  sufficiently 
so  for  the  purpose  of  comparison.  You  are  aware  that  there  is  some  difference  in  the  way  the 
weight  of  the  armour  is  calculated  by  various  draftsmen,  and  whether  the  iron  used  in  certain 
places  is  or  is  not  to  be  reckoned  as  defensive  armour ;  but  I  have  endeavoured  as  far  as 
possible  in  this  table  to  compare  different  ships  one  with  the  other,  on  the  basis  of  calculation 
adopted  by  the  Admiralty  Constructors ;  hereafter  I  shall  have  to  use  figures  difiering  from 
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these,  the  result  of  other  calculations,  but  which  will  not  affect  the  object  for  which  this  table 
was  drawn  up. 

The  examples  I  have  given  in  the  preceding  table  are  typical  armour-clad  ships ;  they 
are,  they  ever  will  be,  monuments  of  the  structural  skill  and  great  ingenuity  of  those  who 
designed  them ;  but  wo  cannot  fail  to  see  how  enormous  are  the  difficulties  which  have  to  be 
overcome.  284  lbs.  weight  over  a  square  foot  of  surface  rendered  those  parts  of  the  Warrior 
to  which  it  was  applied  impenetrable  to  the  old  artillery.  1,150  lbs.  on  a  square  foot  of  sur- 
face is  insufficient  to  produce  the  same  result  in  the  Injlexihle  if  assailed  by  modern  artillery. 
In  the  Warrior,  the  proportion  of  displacement  to  armour  was  6"38  to  1  ;  in  the  Inflexible  it  is 
but  3-26  to  1.  In  the  Warrior  we  had  a  weight  of  1,354  tons  to  carry  which  contri- 
buted little  or  nothing  to  the  structure  of  the  ship.  In  the  Inflexible,  we  are  cari-ying 
3,553  tons  for  protection,  the  greater  part  of  which  adds  but  little  to  the  strength  of 
the  structure.  It  is,  I  think,  only  too  evident  that  we  cannot  proceed  in  the  direc- 
tion followed  from  the  Warrior  to  the  Inflexible.  I  fear  that  there  is  little 
prospect  of  that  reduction  of  weight  which  has  now  become  indispensable  being  effected 
by  any  economy  in  the  weights  of  engines,  coals,  armaments,  or  equipments,  but  there 
is  one  most  important  potential  economy  opening  before  us,  from  which  I  am  sanguine  that 
the  greatest  advantages  may  be  derived.  It  is  to  the  manufacturers  of  steel  that  the  naval 
architect  must  turn  in  his  distress,  and  unless  much  that  was  said  in  this  Hall  last  year  was 
altogether  erroneous,  to  them  he  will  not  look  in  vain,  and  I  for  one  am  hopeful  that  so  large 
a  reduction  as  twenty  per  cent,  in  the  weight  of  a  ship's  hull,  which  was  then  mentioned  as 
possible,  may  become  before  long  a  reality. 

Though  the  earlier  experiments  of  uniting  steel  and  iron  in  one  plate  were  not  success- 
ful, the  report  published  by  Captain  Noble,  R.A.,  of  the  experiments  made  on  the  penetration 
of  projectiles  showing  a  very  decided  superior  resistance  in  a  sound  wrought-iron  plate  over 
any  combination,  it  does  not  follow  that  knowledge  more  recently  gained  may  not  have  made 
it  probable  that  this  judgment  may  be  reversed,  and  that  the  advantage  of  breaking  up  the 
projectiles  on  impact  may  be  found  greater  than  the  disadvantage  of  the  rapid  destruction  of 
the  plate  which  are  at  present  the  almost  constant  results  of  experiments  against  steel. 

After  the  Spezzia  experiments,  I,  in  common  with  others,  had  been  led  to  expect  great 
results  from  the  use  of  steel  of  various  qualities  in  the  manufacture  of  armour-plates,  but  the 
later  experiments  scarcely  fulfil  the  earlier  promises  of  success  ;  and  steel,  or  steel  and  iron, 
or  iron  and  steel  combined  in  various  proportions,  can  scarcely  as  yet  be  received  with  confi- 
dence as  substitutes  for  the  best  qualities  of  iron  for  armour-plates,  but  I  admit  that  this  is 
debateable  ground  ;  and  that  it  is  quite  possible  that  not  only  ships  will  be  built  of  steel  and  iron, 
but  that  armour-plates  may  be  constructed  in  a  similar  manner  with  considerable  saving  m 
weight.  Should  this  be  so,  we  might  have  in  a  future  Inflexible  many  hundreds  of  tons  to  add 
to  her  protective  defence  without  any  increase  of  her  actual  displacement. 

Until,  ho^vever,  this  possibihty  has  passed  into  the  region  of  absolute  fact,  and  indeed 
after  that  consummation  has  been  reached,  the  method  of  distributing  the  materials  of  which 
protective  armour  is  composed  requires  imperative  attention.    Let  me,  as  briefly  as  I  can, 
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describe  what  is  done  in  our  armour-plated  ships,  and  then  what  I  think  ought  to  be  done, 
and  why. 

The  original  idea  of  armour-plating,  as  exemplified  in  the  Warrior,  was  simply  to  attach 
to  that  part  of  the  ship  intended  to  be  protected,  a  plate  of  iron  (four  and  a  half  inches  thick) 
in  contact  with  two  thicknesses  of  teak  (eighteen  inches),  secured  by  strong  bolts  to  the  skin 
of  the  ship,  this  cushion  of  wood  and  iron  combined  resting  at  its  lower  part  on  a  recess 
formed  by  the  frames  of  the  ship,  and  a  strong  iron  shelf-piece. 

Notwithstanding  that  this  system  was  for  the  time  perfectly  successful,  its  defects,  as 
shown  by  the  rapidly  increasing  powers  of  artillery,  led  to  many  attempts  to  improve  this 
arrangement,  and  after  various  experiments,  more  or  less  successful,  especially  those  made 
against  structures  known  as  Clarke's  and  Chalmer's  targets ;  the  Admiralty  decided  on  the 
modification  adopted  in  the  construction  of  the  Belleroplion,  which  I  believe,  as  long  as  the 
armour-plate  is  in  one  thickness,  is  in  use  up  to  the  present  time.    (Plate  I.,  figs.  3,  4.) 

The  Bellerophon  carried  armour-plates  six  inches  thick,  resting  on  a  teak  backing  ten 
inches  thick,  which  formed  a  cushion  in  front  of  the  skin  of  the  ship  consisting  of  two  thick- 
nesses of  iron,  three-quarters  of  an  inch  each,  but  at  intervals  of  about  two  feet  vertically 
along  the  armoured  part  of  the  ship  a  horizontal  plate  of  half-inch  iron  was  introduced,  the 
outer  edge  of  which  strips  alternately  came  into  contact  with  the  inner  face  of  the  armour- 
plate  or  remained  one-eighth  or  one  quarter  of  an  inch  short  of  doing  so.  The  inner 
edge  of  this  strip  was  effectively  secured  to  the  skin  of  the  ship. 

Thus  a  very  material  improvement  in  the  structural  strength  of  the  ship  where  it  carried 
armour  was  eff'ected,  as  well  as  a  great  addition  to  the  power  of  resisting  projectiles.  The 
idea  of  stopping  the  edges  of  the  strips  behind  the  armour,  short  of  actual  contact  with  it,  was 
to  prevent  the  armour  being  cut  or  scored  when  driven  against  the  strip  by  the  impact  of  a 
projectile.  As  a  matter  of  fact,  however,  sooner  or  later  this  scoring  did  take  place,  and  in 
process  of  time  the  Bellerophon's  structure,  though  impenetrable  when  it  was  fired  at,  ceased 
to  give  adequate  protection  against  the  ever-increasing  power  of  modern  projectiles. 

Recourse  was  had  to  thicker  plates  of  iron,  deeper  cushions  of  woods,  and  thicker  strips  of 
horizontal  iron  between  the  logs  of  teak.  This  arrangement,  adopted  in  the  construction  of  the 
Hercules  (Plate  I.,  figs.  3,  4),  where  nine  and  eight  inch  solid  plates  backed  with  twelve  inches 
of  teak,  and  supplemented  by  filling  vertically  between  the  frames  of  the  ship  ten  inches  of  teak, 
u  double  cushion  of  wood,  and  inner  skin  behind  them,  proved  perfectly  impenetrable  to  projec- 
tiles at  the  end  of  1865,  I  do  not  believe  that  in  other  ships  the  double  cushion  and  second 
inner  skin  has  been  adopted  ;  with  this  exception,  so  long  as  a  single  plate  of  iron  was  used, 
the  distribution  of  armour  and  backing  has  only  varied  by  the  increased  thickness  necessary  for 
protection.  It  will  be  seen  by  the  table  that  we  have  gone  from  the  square  foot  of  the  Warrior, 
weighing  284  lbs.,  to  the  square  foot  of  the  Hercules,  weighing  689  lbs.  Still  driven  forwards  by 
the  inexorable  artillerists,  we  find  fourteen-inch  iron  plates  backed  by  fifteen  inches  of  teak, 
gradually  swelling  the  weights  of  a  square  foot  of  surface  of  the  ship's  sides  from  645  lbs.  to 
751  lbs.,  until  at  last,  the  single  iron  plate  of  the  requisite  thickness  being  too  difficult  to  manu- 
facture, recourse  was  had  to  two  or  more  thicknesses  of  armour  with  divided  backing,  and  we 
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have  in  the  Inflexible  reached  twenty-four  inches  of  iron,  seventeen  inches  of  teak,  and  a  wci;,'lit 
per  superficial  foot  of  1,150  lbs. 

I  have  carefully  analysed  the  various  experiments  made  upon  these  structures,  or  the  targets 
intended  to  represent  them,  and  I  have  drawn  up  a  Table  B,  giving  the  several  peculiarities  of 
these  constructions  with  reference  to  their  size,  distribution  of  armour,  weight,  tlu;  amount 
of  pounding  they  received,  and  the  general  effect  of  their  powers  of  resistance.  I 
have  taken  as  types  of  armour-plating  adopted,  or  to  be  adopted,  the  following,  namely, 
Bellerophon  ;  Hercules  ;  No.  33,  a  compound  structure  ;  No.  34,  a  target  representing  a  turret 
with  a  single  thickness  of  armour-plate ;  No.  35,  a  turret  with  two  thicknesses  of  armour- 
plating;  the  turret  of  the  Glatton,  in  place  in  the  ship;  No.  40,  a  compound  target ;  No.  41, 
a  compound  target ;  the  Italian  targets  fired  at  Spezzia,  and  structures  known  as  the  Gibraltar 
and  Millwall  Shields. 

In  this  table  I  wish  particularly  to  call  your  attention  to  a  column  representing  the  total 
energy  of  the  projectiles  received  by  the  target,  and  the  energy  divided  by  the  number  of  sur- 
face feet  in  the  target ;  this  total  energy  may  fairly  represent,  where  perforation  is  not  effected, 
the  racking  and  tearing  to  pieces  strain  on  the  structure  ;  the  column  which  gives  the  energy 
on  impact  of  any  projectile,  per  inch  of  the  shot's  circumference,  will  fairly  represent  its  pene- 
trating power,  varying  of  course  with  the  form  and  material  of  which  the  projectile  is 
composed.  The  whole  together  will  give  a  fair  comparative  idea  of  the  resisting  powers  of  the 
several  structures. 

I  have  not  thought  it  necessary  to  give  the  distance  of  the  target,  the  weight  of  powder  and 
its  quality,  the  diameter,  forms  and  weight  of  each  projectile  used  ;  they  are  all  contained  in  the 
figures  representing  the  total  energy  of  the  shot  on  impact, — in  fact,  the  vis  viva,  or  — ^ — ,  but 

these  particulars  for  each  target  will  be  found  tabulated  in  an  appendix  attached  to  this  paper. 
The  Palliser  pointed  ogival-headed  projectile  is,  however,  a  much  more  powerful  weapon  for 
forcing  its  way  through  armour-plates  than  any  other,  the  Whitworth  steel  excepted  ;  all  the 
targets  fired  at  since  its  adoption  have  been  much  more  severely  tried  than  the  older  ones, 
and  mention  is  made  wherever  they  have  been  used. 

I  need  only  further  remark  that  finding  the  actual  weights  of  the  Bellerophon  and 
Hercules  targets  given  in  the  official  reports  of  the  trials  of  these  targets,  as  well  as  the  calcula- 
tions on  which  they  were  based,  I  have  computed  the  weights  of  the  other  targets  given  in 
Table  B  on  the  basis  there  laid  down,  and  though  the  results  are  not  the  same  as  those  fur- 
nished by  the  Admiralty  for  the  structures  which  the  targets  represent,  yet,  as  I  have  given  in  that 
table  the  total  weights  for  each  target  as  it  stood  upon  the  ground  independent  of  its  supports, 
I  think  for  the  purposes  of  comparison  my  figures  will  be  found  sufficiently  correct. 
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Jfanies  of  the 

APPROXIMATE 

Total  energy 
of  the  pro- 
jectile which 
struck  the 

target  "^LJs 
in  foot  tons. 

Energy  per 
square  foot 
of  surface  in 
foot  tons. 

Maxirainii 
energy  of 

Date  of  ex] 
ment. 

ships,  or  numbers 

of  the  target 
structures  experi- 
mentalised upon. 

General  description  of  the 
targets  fired  at. 

Weight  of 
the  target 
fired  at, 
per  super- 
ficial foot. 

Number  of 
superficial 

feet  of  struc- 
ture fired 
at. 

any  projec- 
tile, per 

inch  of  the 
shot's  cir 

cumference 

in  foot  tons. 

General  Remarks. 

1863 

Bellerophon. 

6  in.  armour  plates,  backed 
by  10  in.  of  teak,  frames, 
skins,  horizontal  edge  plates, 
&c.  ;  plates  in  one  thickness. 

lbs. 
393-5 

176-37 

17,721 

Foot  tons. 
100 

Foot  tons. 
78.92 

The  6  in.  plates  were  twice 
completely  perforated,  but  the 
structui-e  was  not.  No  Pal- 
liser  projectiles  used. 

1865 

Hercules. 

9  and  8  in.  solid  armour 
plates,  behind  which  12  in.  of 
teak,  twD  skins  f  of  an  in. 
iron  each,  the  usual  frames, 
between  which  were  fitted 
10  in.  of  teak,  behind  which 
again  18  in.  of  teak  in  two 
thicknesses,  a  covering  plate 
of  f  in.  iron,  and  angle  irons 
to  hold  the  structure  together. 

9  in. 

portion, 
689. 
8  in.  por- 
tion, 652. 

Total  area, 
1452. 

8  in.  72-6. 

9  in.  72-6. 

Total  of 
the  whole 
tai-get, 
61,499 

8  in.  513 

9  in.  378 

168-5 

No  sound  part  of  the  target 
was  penetrated  ;  the  9  in.  and 
8  in.  plates  were  ho  ever  per- 
forated, but  not  the  structure, 
by  chilled  projectiles  from 
13  in.  M.  L.  R.  gun. 

1871 

No.  33.— Thick 
portion. 

8  in.  solid  plate,  backed  by 
6  in.  of  teak,  and  5  in.  solid 
plate  backed  by  6  in.  teak, 
li  in,  skin,  frames,  &c.  ;  a 
sandwiched  target. 

684 

Not  re- 
corded. 

25,689 

Not  re- 
corded. 

175-3 

The  target  was  completely 
penetrated  through  and 
through  by  the  10-92  projec- 
tiles, weight  533  lbs.,  brought 
against  it. 

1871 

No.  34.— Bent 
to  represent  a 
portion    of  a 
turret. 

14  in.  solid  armour  plate, 
behind  which  15  in.  of  oak, 
horizontal  edge  plates,  skins 
Ij  in.  thick,  frames,  &c,  ; 
total  thickness,  30 j  in. 

736 

102-5 

Direct  hits 
53,117 

518 

182-9 

Very  much  disintegrated ; 
a  match  with  but  little  margin 
for  the  gun  brought  against  it. 

871 

No.  35.— Bent 
to  represent  a 
turret  target ; 
a  sandwich. 

8  and  6  in.  solid  plates, 
with  two  thicknesses  of  9  in. 
and  6  in.  of  oak,  inner  skin, 
ribs,  horizontal  plates,  and 
total  thickness  as  No.  34. 

736 

102-5 

Direct  hits 
51,656 

503 

185-5 

The  practical  protection  of 
the  inner  skin  the  same  as  in 
No.  34  ;  the  depth  of  penetra- 
tion was  greater,  however,  in 
most  cases. 

1872 

H.M.S.  Glat. 
ten,  with  tur- 
ret in  place. 

14  in.  solid  plate,  backed  as 
in  No.  34,  and  apparently  re- 
sembling it  in  all  respects  : 
the  usual  covering  plate  was 
attached  to  the  frames. 

736 

On  a  sur- 
face of  the 

turret, 
about  12ft. 

long,  by 
7  ft.  2  in. 
high. 

13,500 

Two  shot, 
one  not  a 
direct  hit. 

lGO-7 

181-0 

No  thiough  penetration  ;  the 
head  of  the  shot  got  through 
the  14  in.  plate,  and  backing 
within  2  in.  of  the  skin.  No 
damage  to  turning  gear,  guns, 
or  live  objects  inside. 

1876 
1877 

No.  40.— First 
experiment. 

No.    40.— Se- 
cond experi- 
ment. 

No.  41.— First 
experiment. 

No.    41.— Se- 
cond experi- 
ment. 

Three  platrs  of  6J  in.  iron, 
backed  by  two  layers  of  wood 
5  in.  thick  ;  skin,  &c.  as  usual. 

Four  jjlatcs  of  6?j  in.  iron, 
backed  by  three  layers  of 
wood,  and  as  above. 

Four  8  in.  plates,  three 
layers  of  4  in,  teak  between, 
and  backed  as  above. 

The  same  target  was  fired 
at  with  the  80  ton  gnu,  cham- 
bered to  bum  more  i)owder, 
and  give  greater  velocity  to 
the  projectile. 

963 

1253 
1520 
1520 

69 
69 

1  160 

11,408 

13,911 
26,380 
29,607 

165 

185 

290 

335 
526 
590 

Projectile  went  through, 
setting  teak  backing  on  fire  : 
target  and  gun  just  equal. 

Second  experiment. — Did 
not  penetrate  more  than  20 
in.  into  the  struc  uro. 

Did  not  go  through  penetra- 
tion 25  in. 

Did  not  go  through ;  pene- 
tratiot:  27  in. 
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Names  of  the 
ships,  or  numliers 

of  tlie  tiU'Kot 
structiirts  experi- 
iiivutulised  upon 

API'BOXIMATK 

Total  energy 
of  the  pro- 
jectile wliich 
strucic  tliu 

target  )^  ^ 
in  foot  tons. 

Energy  per 
sqiiaie  foot 
of  Hiirface  in 
foot  tons. 

Maximum 
energy  of 
any  projec- 
tile, per 
inch  of  tlic 
shot's  cir- 
cumference 
in  foot  tons. 

Date  of  exi 
ment. 

General  dpscription  of  the 
targets  fired  at. 

WoiKht  of 
the  tiirKet 
fired  at, 
p(!i-  sui)er- 
llcial  foot. 

Number  of 
superficial 
feel  of  struc- 
ture fired 
at. 

Qenkral  Bkmareh. 

1868 


1867 


1868 


1877 


Millwall  shield, 
intended  for  a 
fort,  witJi  an 
embrasure,  or 
port-hole. 


Gibraltar 
shield. 


This  shield  was 
altered  and 
strengthened, 
and  subjected 
to  further  trials 

Series  of  tar- 
gets tried  at 
Spezzia. 


Target  in  two  parts,  one 
9  in.  solid  plate,  one  (!  in.  solid 
plate  above  it,  a  port-ho'o  cut 
out  of  the  middle  of  eacb  i)late. 
The  6  iu.  plate  covered  for  a 
considerable  portion  of  its 
Icnj^th  by  three  1  in.  plates, 
the  whole  backed  by  two  sets 
of  hollow  7  in.  stringers,  one 
vortical,  the  other  horizontal, 
the  hollows  filled  with  teak, 
two  Ij  in.  plates  for  skin  in 
front  of  the  vertical  stringers, 
or  frames,  and  a  covering 
plate  Ij  in.  thick  behind  all. 

Consisted  of  front  plates 
5\  in.  thick,  supported  by 
plates  5  in.  thick,  and  ihat 
again  by  plates  1^  in.  thick, 
no  wood  between  the  plates, 
and  total  thickness  12  in.  of 
iron. 


The  6  iu. 
558. 


The  9  iu. 
678. 


6  in.  24-3 
Total  97ft. 

9  in.  48-6 

6  in.  -t-  3  in. 
24-3 


Total  on 
whole  tar- 
get 60,035 
6  in. 
18,476. 

9  in. 
35,960. 
6  in.  +  3in. 
11,598. 


On  whole 
target, 

679. 

6  in. 

760. 

9  in. 

740. 
6  in.  +  Sin. 

477. 


152-  3 

153-  93 


458  98-2         27,103  110-3 


These  figures  refer  to  the  first  and  second 
trials  only. 


This  target  was  perfectly 
uninjured  by  fourteen  rounds 
from  guns  below  ilie  calibre 
of  12  ill.,  alt-r  which  the 
6  in.  and  tlie  9  in.  jilato-!  re- 
ceived two  shots  from  12  in. 
gun,  projectile  600  Ibi.  Wlieie 
the  p  irt-hole  lia  J  i>e<-n  cut  the 
projectile  went  through,  bat 
iu  the  other  parts  bjth  6  in. 
and  9  in.  resisted  peaetratiou. 


The  9  in.  12  ton  gun  was 
more  than  a  match  f«r  this 
target  in  its  weakest  part,  but 
it  was  capable  of  resisting 
this  projectil'!  in  its  strongest 
part.  Four  trials  were  made 
against  this  shield,  and  it  was 
repaired  in  the  intervals. 


As  this  target  was  manifestly  too  weak  for  the  projectiles  which  could  be  brought  against  it,  no  lesson  of 
importance  can  be  learnt  from  observing  its  details  any  further. 


These  targets  consisted  in 
their  main  features  of  22  in. 
of  iron  in  one  or  more  thick- 
nesses, and  19  in.  of  wood  with 
horizontal  edge,  stringers, 
skin,  &c.  Solid  steel  plates 
of  22  in.  in  thickness  were 
tried,  and  solid  iron  plates  of 
that  thickness.  Cast  iron 
backing  was  also  used,  with 
sandwiches  of  wood  and  with- 
out, but  it  was  observed  in  all 
cases  that  tlio  width  of  the 
plates  was  too  small. 


1041 


These  targets  in  all  cases  resisted  perforation  by  10  and  11  in.  projectiles, 
though,  when  sufficient  velocity  was  given  to  the  2,00  )  lb.  projectile  from 
the  100  ton  gun,  they  were  either  perforated  or  destroyed.  The  sol.d  steel 
plate,  22  in.  th'ick,  proved  an  exception  to  the  perforatio-t,  though  the  plate 
itself  was  shattered  to  pieces.  As  a  matter  of  fact,  none  of  these  targets 
had  a  resisting  power  equal  to  No.  41,  though  the  vii  viva  brought  against 
some  of  them  was  upwards  of  31-100  tons. 


Before  consitlering  in  detail  the  lessons  which  this  table  appears  to  convey,  it 
would  be  as  well  to  sum  up  the  broad  facts  which  the  experiments  against  targets  have 
established. 

These  are,  that  the  resistance  offered  by  solid  iron  plates  of  good  quahty  to  projectiles 
varies  very  closely  as  the  square  of  their  thickness — only,  when  the  thickness  of  the  plates  is 
small,  and  their  character  therefore  perfectly  homogeneous,  that  solid  plates  have  considerably 
greater  resistance  than  divided  plates,  the  total  thickness  of  the  iron  being  equal,  if  the  divided 
plates  are  thin,  but  that  this  advantage  decreases  as  the  thickness  of  the  plates  increases,  and 
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in  great  thicknesses  seems  to  disappear ;  that  wood  backing,  by  itself,  affords  Httle  or  no 
support  or  additional  strength  to  an  iron  plate  when  struck  by  a  pointed  shot,  but  that  rigid 
backing  such  as  is  given  by  good  wrought  iron  is  of  great  advantage  to  the  plate.  The 
Admiralty  constructors  have  availed  themselves  of  this  principle  by  the  horizontal  stringers  or 
plates  introduced  into  their  wood  backing  ;  and  proofs  of  its  value  are  to  be  found  in  every 
target  of  which  these  formed  a  part. 

There  are  no  satisfactory  or  conclusive  experiments  on  the  resistance  afforded  by  wood 
backing,  but  there  is  a  great  power  of  resistance,  beyond  all  doubt,  in  closely-packed 
ma.sses  of  wood,  such  as  the  forty  inches  of  wood  used  in  the  Hercules,  and  great  support  is ' 
afforded  by  an  inner  skin  of  iron.  There  are,  however,  several  records  of  wood  backing 
being  set  on  fire,  when  used,  as  in  the  Warrior  targets,  eighteen  inches  thick,  behind  an 
eight-inch  armour-plate. 

Cast  iron  has  been  tried  as  a  backing,  and  also  granite :  they  have  invariably 
failed. 

Projectiles  of  steel  or  chilled  iron  with  pointed  ogival  heads  are  the  most  favourable  for 
penetration.  Such  projectile  has  a  power  of  penetration  directly  in  proportion  to  the 
-g—  on  impact,  and  inversely  in  proportion  to  its  diameter,  whether  this  energy  is  made  up 
by  velocity  or  by  weight. 

There  is  one  other  fact  about  the  penetration  of  armour-plates  to  which  I  must 
refer,  that  is,  that  when  an  armour-plate  is  well  able  to  resist  much  more  than  the  vis  viva 
of  any  projectile,  the  latter  will  penetrate  far  less  than  it  would  if  its  power  was  nearly 
equal  to  effect  penetration.  Accordingly,  under  such  circumstances,  the  measurements  of 
indent  and  penetration  are  apt  to  be  misleading. 

For  the  sake  of  convenience,  I  have,  as  far  as  possible,  when  comparing  the  effects  produced 
by  the  various  projectiles  hurled  against  targets,  reduced  the  vis  viva  due  to  their  several 
diameters,  weights,  and  velocities  to  those  which  a  Palliser  projectile  of  11-92  inches  diameter 
and  a  weight  of  600  lbs.  would  have  required  to  equal  their  penetrative  effect,  and  thus  I  shall 
state  the  effects  produced  in  terms  of  a  600-pounder,  though,  in  some  cases,  no  such  projectile 
was  fired  against  the  structures. 

Table  B  shows  us  that  there  are  four  methods  of  armour-plating  in  use  : — 

(1)  In  which  the  armour  consists  of  a  solid  iron  plate  in  one  thickness  with  more  or  less 

wood  behind  it,  an  inner  skin  and  ribs  behind  the  plate,  and  horizontal  plates  of 
thin  iron  between  the  thicknesses  of  wood.  This  system  is  represented  by  the 
Bellerophon,  Hercules,  Glatton,  the  side  of  the  Devastation,  No.  34  target,  and  some 
of  the  Spezzia  targets. 

(2)  In  which  the  armour  consists  of  two  or  more  thicknesses  of  iron  plate,  with  wood 

more  or  less  thick  between  them,  and  the  usual  skin  and  ribs.  These  structures 
are  generally  known  as  sandwich ;  and  they  are  represented  by  No.  33  target  in 
its  thick  part,  No.  35,  No.  40,  No.  41,  and  several  of  the  Spezzia  targets. 
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(3)  In  which  the  armour  consists  of  an  outer  plate  resting  on  an  inner  iron  plate,  or 

cast-iron  block,  either  immediately  in  contact  with  the  front  plate  or  separated  by 
a  thickness  of  wood.  The  Gibraltar  shield,  a  War  Office  shield  constructed  in  1870, 
is  an  example  in  England,  and  two  targets  at  Spezzia  are  foreign  adaptations 
of  the  principle. 

(4)  In  which  an  armour-plate  of  one  thickness  is  supported  throughout  at  its  back  by 

hollow  rolled  iron  stringers  filled  with  wood,  for  which  system  j\Ir.  Hughes  holds  a 
patent.  It  differs  very  materially  from  that  adopted  generally  in  our  ships. 
The  weight  of  iron  used  is  much  more  incorporated  into  the  structure  of  the  ship. 
The  ship's  frames  or  ribs  behind  the  portion  intended  to  be  armour-plated  are 
of  this  shape,  the  hollow  being  filled  with  wood. 

Behind  these  frames  or  hollow  vertical  stringers  is  a  thin  covering-plate  of 
iron.  In  front  of  the  vertical  stringers  or  frames  comes  the  skin  of  the  ship,  in 
two  thicknesses.  In  front  of  this,  again,  the  horizontal  hollow  stringers,  of  the 
same  depth  as  the  vertical  stringers  or  frames  of  the  ship,  also  filled  with  wood, 
and  outside  of  this  the  armour-plate.  Of  course,  the  thickness  of  each  part  of 
this  structure  varies  with  the  amount  of  protection  required.  It  is  to  tliis  parti- 
cular mode  of  construction,  and  to  comparison  between  its  resistance  under  fire 
and  those  obtained  by  other  systems  of  backing  and  construction,  to  which  I  desire 
to  call  your  attention.  In  addition  to  the  great  augmentation  of  strength  obtained 
by  the  use  of  the  vertical  hollow  stringers  for  the  frames  of  the  ship,  and  to  the 
great  support  given  longitudinally  by  their  application  horizontally  behind  the 
backing,  it  will  be  seen  how  much  more  of  this  backing  is  of  a  rigid  nature  than 
can  be  given  by  logs  of  wood.  It  is  only  the  rigid  portion  of  any  backing  that  gives 
support  to  the  armour-plate ;  and  the  Admiralty  constructors  have  most  wisely 
and  skilfully  availed  themselves  of  this  principle,  by  the  introduction  of  horizontal 
stringers  or  edge  plates  between  the  logs  of  wood  forming  the  backing.  This 
principle,  adopted  in  the  construction  of  the  Bellerophon,  Hercules,  and  all  subse- 
quent ships,  has  been  completed  and  carried  out  to  its  fullest  extent  by  Mr. 
Hughes.  He  has  diminished  the  unsupported  area  of  the  back  of  the  armour- 
plate,  while  he  has  left  interstices  filled  with  wood  vertically  and  horizontally  to 
cushion  and  absorb  the  blow,  and  while  his  backing  is  more  rigid  and  less  soft 
than  the  old  system,  it  preserves  a  large  amount  of  elasticity  and  power  of 
absorbing  and  diffusing  the  shock  before  it  reaches  the  inner  skin. 


The  drawing  (Plate  I.,  fig.  1)  shows  the  system  applied  to  a  six  and  nine  inch  plate  on  a 
ship's  side,  as  it  was  applied  in  the  Millwall  target.  In  considering  the  latter,  however,  when 
the  results  of  firing  at  it  are  related,  it  must  be  observed  that  a  portion  of  the  hollow  stringers 
behind  the  six-inch  plate  were  designedly  not  filled  in  with  wood. 

Figs.  3  and  4  are  sections  and  plans  of  the  Bellerophon  target.    Figs.  5  and  6  are  sections 
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and  plans  of  the  Hercules  target.  They  will  be  used  to  compare  the  support  given  to  six  and 
nine  inch  plates  by  this  system  with  that  afforded  by  the  system  of  Mr.  Hughes. 

On  referring  to  Table  B  we  find  that  the  Bellerophon  target  was  176-37  ft.  in  superficial 
area  ;  that  it  received  various  projectiles,  none  of  them  of  the  pointed  Palliser  form.  The  total 
energy  of  the  projectiles  on  every  superficial  foot  of  its  surface  was  100  foot  tons.  Two  pro- 
jectiles passed  through  the  six-inch  plate,  but  did  not  perforate  the  structure,  and  reducing 
them  to  the  terms  of  an  11-92  projectile,  or  600-pounder,  the  most  damaging  effect  was  equal 
to  what  a  vis  viva  of  2,417  foot  tons  would  have  produced  from  a  600  pounder. 
The  weight  of  this  structure  without  support  was  393' 5  lbs.  per  superficial  foot;  no 
port-hole  was  cut  through  it,  which  therefore  received  all  the  advantages  which  great  size  and 
perfect  homogeneity  can  give  to  a  target,  a  matter  of  very  great  importance  in  reckoning  up  its 
powers  of  resistance. 

The  Millwall  shield,  on  which  the  six-inch  armour  plate  was  tried,  being  intended  for  a  fort, 
was  weakened  by  an  embrasure,  and  its  supports  were  so  much  mixed  up  with  the  target 
proper  that  a  very  accurate  comparison  of  weight  is  difficult  to  make.  Its  surface  was  98  super- 
ficial feet ;  it  was  divided  longitudinally  into  two  plates,  a  six-inch  and  a  nine-inch  plate,  out  of 
equal  portions  of  which  a  port-hole  was  cut,  but  on  the  proper  right  of  the  target  three  one-inch 
plates  were  fastened  on  to  the  six-inch  plate  extending  beyond  the  aperture  of  the  port,  and 
occupying  the  whole  depth  of  the  six-inch  plate  ;  there  was  thus  more  of  nine  inches  of 
iron  on  the  upper  portion  of  the  target  than  of  six  inches,  and  the  six-inch  plate  thus  derived 
such  support  as  the  connection  with  the  heavier  portion  of  the  target  could  give  it.  However, 
the  area  of  the  six-inch  plate  which  it  is  my  object  to  compare  with  the  Bellerophon' s,  was 
only  24  ft.  3  in.,  superficial  feet,  and  its  weight  per  foot,  deducting  supports,  was  about  500 
lbs.  It  received  from  pointed  Palliser  projectiles  a  total  energy  of  18,476  foot  tons,  or  760 
foot  tons  per  superficial  foot,  sevenfold  more  than  the  Bellerophon ;  the  maximum  energy 
of  the  11*92  in.  projectile  was  5,705  foot  tons,  with  a  velocity  of  1,171  ft.  in  a  second,  which 
according  to  the  tables  calculated  by  Capt.  English,  of  the  Eoyal  Engineers,  would  represent 
the  resistance  offered  to  complete  perforation  by  an  unbacked  solid  plate  12'3  in.  thick,  showing 
the  support  given  by  the  hollow  stringers  to  be  at  least  equal  to  an  iron  plate  of  6*3  in.  thick. 

I  must  pass  on  to  the  comparison  of  the  Millwall  nine-inch  plate  with  the  Hercules  and 
other  targets,  for,  however  greatly  superior  the  Millwall  six-inch  plate  showed  itself,  the  days  of 
six-inch  armour  are  long  passed. 

The  Hercules  structure  was  peculiar,  and  was  not,  I  believe,  adopted  in  any  subsequent 
ship  ;  its  thickness  was  enormous,  averaging  more  than  four  feet.  Its  nine-inch  plate  was 
backed  by  similar  edge  plates,  or  horizontal  stringers,  only  of  greater  thickness,  than  those 
used  in  the  Bellerophon,,  and  the  interval  between  the  ribs  or  frames  of  the  ship  was  filled  up 
by  vertical  logs  of  teak  in  addition  to  the  horizontal  wood  backing  and  the  two  skins.  But 
besides  this  there  was  added  to  this  ship,  and  to  this  ship  alone,  a  thickness  behind  the  frames 
of  eighteen  inches  of  teak,  a  covering  plate,  and  set  of  angle  irons  or  inner  frames  to  support  the 
wood.  Tliis  target  might  well  be  described  as  the  strongest  ever  fired  at,  up  to  that  date,  and 
as  impenetrable  in  a  sound  part  to  any  projectiles  which  could  then  be  brought  against  it. 
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Confining  myself  to  the  nine-inch  plate,  and  reducing  the  blows  it  received  from  a  12-95  pro- 
jectile to  the  standard  already  described,  that  of  an  11-92  projectile  of  GOO  pounds,  it  appears 
that  the  nine-inch  plate  was  penetrated,  but  not  the  structure,  by  a  velocity  from  that  projectile 
of  1,234  ft.  in  a  second,  which  would  bo  just  sufficient  to  completely  perforate  a  12  0  in.  un- 
backed solid  plate.  I  may  just  state  that  the  nine-inch  plate  of  the  Hercules  had  an  area  of 
72  ft.  6  in.,  and  weighed  per  superficial  foot  of  its  surface  689  lbs.  It  received  a  vis  viva  of 
378  foot  tons  per  every  superficial  foot.  Its  resistance  was  considered  by  the  officers  directed 
to  report  on  it  as  being  so  satisfactory  that  they  advised  a  consideration  of  the  propriety  of 
reducing  the  nine-inch  plate  to  an  eight-inch  plate  for  the  future. 

The  area  of  the  nine-inch  plate  in  the  Millwall  target  was  48ft.  Gin.  superficial  feet,  out  of 
which  half  of  a  port  hole  was  cut.  It  received  a  total  energy  from  projectiles  of  740  foot  tons 
per  superficial  foot,  nearly  double  what  the  Hercules  received,  and  the  weight  of  this  part  of 
the  structure  per  superficial  foot  was  678  lbs.    The  structure  was  not  penetrated. 

As  neither  system  was  tested  to  the  extent  of  complete  perforation  I  am  not  in  a  position 
to  compare  directly  the  resistance  of  the  two  structures,  but  I  am  obliged  to  have  recourse  to 
an  indirect  comparison.  The  six-inch  Millwall  structure,  struck  by  a  600  lb.  projectile  with  a 
velocity  of  1,171  ft.  in  a  second,  was  not  completely  penetrated  in  a  tolerably  sound  part, 
though  according  to  Captain  English's  tables  this  velocity  was  just  able  to  completely 
perforate  a  12-3  in.  unbacked  armour  plate,  and  as  the  same  stringers  were  placed  behind  the 
nine-inch  plate,  that  must  have  received  the  same  support  as  the  six-inch  plate  received. 
This  has  been  shown  to  amount  at  least  to  6 '3  in.  of  armour-plate,  and  it  follows  that  the 
resistance  of  the  nine-inch  part  of  the  Millwall  shield  was  at  least  equivalent  to  that  of  an 
unbacked  plate  15-3  in.  thick :  the  least  velocity  from  a  600  lb.  projectile  which  would 
perforate  such  a  plate  being  1,535  ft.  in  a  second. 

There  is  another  very  strong  though  also  indirect  testimony  to  the  fact  of  the  nine-inch 
plate  in  the  Millwall  target  resisting  perforation  to  the  same  extent  as  a  fifteen-inch  unbacked 
plate  would  do.  In  1870,  a  shield  designed  by  the  War  Office,  admirably  answering  its  pur- 
pose, and  displaying  very  great  ingenuity  of  design,  was  erected  at  Shoebui-yness.  It  was 
subjected  to  most  severe  pounding.  This  target  consisted  of  three  five-inch  armour-plates,  five 
inches  apart,  the  space  between  them  filled  in  with  iron  concrete ;  behind  the  last  was  a  skin, 
or  case,  and  a  most  skilful  system  of  supports.  The  whole  weight  of  this  structure  without 
concrete  (it  measured  98  superficial  feet)  was  about  35^  tons,  with  the  concrete  56  tons. 
The  first  four  shots  fired  at  it  were  from  a  twelve-inch  M.  L.  R.  gun  ;  the  projectile  of  11-92  in. 
diameter,  velocities  varying  from  1,177  to  1,190  ft.  in  a  second.  The  projectile  with  these 
velocities  was  quite  unequal  to  perforate  the  target ;  the  penetration  obtained  by  the  three 
direct  hits  from  this  gun  was  23-2  in.,  in,  be  it  observed,  quite  a  new  uninjured  structure. 

After  the  Millwall  had  received  projectiles  whose  total  energy  was  upwards  of  43,000 
foot  tons,  it  was  subjected  also  to  four  rounds  from  the  twelve-inch  gun  (diameter  of  projectiles 
11 -92),  with  velocities  varying  from  1,154  to  1,181  ft.,  two  of  these  against  the  six-inch  plate,  and 
two  against  the  nine-inch  plate.  Practically  the  vis  viva  against  both  was  the  same,  and  the 
penetration  into  this  battered  nine-inch  plate  was  with  the  low  velocity  15^  in,  and  with  the  high 
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velocity  23'2  in.  Its  resistance  was  clearly  not  unequal  to  the  Engineers'  shield,  where  the 
total  thickness  of  iron  plates  was  fifteen  inches,  supported  elaborately  and  heavily  by  concrete 
and  iron.  And  this  comparison  corroborates  the  theory,  that  the  nine-inch  plate  backed  by  Mr. 
Hughes'  system  is  capable  of  as  much  resistance  as  a  15*3  inch  unbacked  plate.  If  this  be  so, 
and  if  the  tables  I  have  quoted  can  be  relied  on,  the  nine-inch  Millwall  plate  showed  very 
superior  resistance  to  the  thick  part  of  No.  33  target,  and  also  greater  powers  of  resistance 
than  Nos.  34  and  35  targets,  and  than  the  Glatton's  turret  in  situ. 

The  first  of  these  targets,  No.  33,  was  a  sandwich,  consisting  of  eight  and  five  inch  iron 
plates,  each  plate  backed  by  six  inches  of  teak,  with  ribs,  inner  skin,  and  edge  plates,  &c.  It 
was  completely  perforated  by  a  600  lb.  projectile  with  a  velocity  of  1,173  ft.  in  a  second 
(reduced  from  the  10  92  projectile  actually  fired  at  it).  By  the  tables  I  have  already  quoted 
the  lowest  velocity  from  such  a  projectile  which  would  enable  it  to  completely  perforate  a 
thirteen-inch  solid  plate,  was  1,165  ft.  ;  a  very  few  (eight)  feet  more  caused  it  to  go  through 
thirteen  inches  of  iron,  and  all  the  backing,  skin,  &c.  This  result  was  not  very  favourable  to 
the  sandwich  system. 

No.  34  target  was  faced  by  a  fourteen-inch  plate ;  it  had  fifteen  inches  of  backing,  skin, 
ribs,  &c.,  and  it  was  bent  to  a  radius  of  IS*?^  inches  to  represent  a  turret.  Keducing  the  pro- 
jectiles which  struck  it  to  the  standard  600-pounder,  this  target  received  a  blow  from  it 
with  a  velocity  of  1,283  ft.  in  a  second,  just  sufficient  to  completely  perforate  an  unbacked 
plate  of  13"3  in.  It  did  not  get  through  the  structure;  the  point  of  the  shot  got  close, 
however,  to  the  inner  skin,  which  was  severely  cracked  and  bulged. 

No.  35  was  a  sandwich  target,  of  eight  and  six  inch  armour-plates,  backed  respectively  by 
nine  and  six  inches  of  wood,  in  every  other  respect  exactly  like  No.  34.  It  was  struck  by  a 
projectile,  reduced  to  the  600  lb.  standard,  with  a  velocity  of  1,293  feet  in  a  second,  a  velocity 
just  sufficient  to  perforate  completely  an  unbacked  plate  13*35  inches  thick.  It  did  pass  com- 
pletely through  the  eight-inch  plate,  and  penetrated  deeply  into  the  six-inch  plate,  the  head  of 
the  shot  getting  through  it  but  stopping  short  of  the  inner  skin.  Both  these  structures  were 
very  severely  shaken  and  much  disintegrated.  The  official  reports  said  that  these  targets  were 
able  to  resist  the  guns  brought  against  them,  but  with  little  or  no  margin,  and  their  powers  of 
resistance  were  thought  to  be  practically  equal.  To  perforate  completely  a  fourteen-inch 
unbacked  plate  a  velocity  from  the  600-pounder  of  1,390  feet  in  a  second  would  be  required, 
which  exceeds  by  100  ft.  the  maximum  force  brought  against  either  of  them  ;  but  judging  by 
the  efi'ects  produced  by  a  velocity  of  1,283  feet  in  a  second,  the  resistance  of  either  of  these 
structures  to  complete  perforation  could  not  have  exceeded  that  offered  by  a  fourteen-inch 
unbacked  plate.  The  last  example  I  can  use  as  a  comparison  with  the  Millwall  shield  is  the  trial 
made  against  the  Glatton's  turret  in  place.  When  fired  at  I  believe  it  exactly  represented  No.  34, 
being  faced  with  the  fourteen-inch  solid  plate,  backing,  &c.  The  projectile  from  the  600-pounder 
fired  at  the  spot  selected  had  a  velocity  of  1,275  feet  in  a  second ;  it  penetrated  the  fourteen-inch 
plate,  and  its  head  was  within  two  inches  of  the  inner  skin,  but  it  did  not  perforate  the  structure. 
The  turret  did  not  ofier  any  greater  resistance  to  penetration  than  Nos.  34  and  35,  but  it  was  very 
much  less  disintegrated  than  either.    From  these  facts  we  may  deduce  with  confidence  that  the 
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nine-inch  Millwall  plate,  backed  by  the  seven-inch  stringers,  is  much  superior  in  its  resisting 
power  to  the  fourteen- inch  plates  as  ordinarily  backed,  whether  those  plates  are  in  one  or  two 
thicknesses. 

The  tables  show  how  much  more  pounding  fell  on  each  square  foot  of  the  Millwall  than  on 
any  of  the  other  targets. 

The  Hercules  received  378  foot  tons  of  projectiles  on  every  superficial  foot  of  the 
target.  Number  84  received  518.  Number  35  received  503.  The  Glallon  received  two  shots 
only  in  a  hmited  space,  while  the  Millwall,  on  the  nine  inch  plate,  received  740  foot  tons  on 
every  superficial  foot  of  its  surface,  and  after  all  this  pounding  was  in  so  good  a  state  as  to  be 
used  again  to  try  the  effect  of  some  Swedish  projectiles  from  Finspong,  and  then  was  finally 
fired  at  by  seven  11-92  inch  projectiles  to  break  it  up,  which  was  not  eff'ected  without  much 
difficulty. 

I  do  not  profess  that  the  standards  of  comparison  I  have  used  can  be  absolutely  correct  ; 
they  are  given  as  approximations  only. 

Before  leaving  this  part  of  the  subject,!  ought  to  say  that  I  have  endeavoured  most  carefully  to 
abstain  from  crediting  the  system  of  Mr.  Hughes  with  results  of  too  favourable  a  nature.  That 
gentleman  is  persuaded  from  experiments  he  has  made  with  falling  weights  that  the  hollow 
stringers  offer  much  greater  resistance  than  I  have  deduced  from  the  experiments  and  com- 
parison which  I  have  brought  before  you.  It  is  certainly  true  that  my  comparisons  are  derived 
from  the  Millwall  shield,  after  it  had  received  an  extraordinary  amount  of  pounding  from 
projectiles — when,  in  fact,  it  was  difficult  to  find  any  really  sound  part  of  the  target  on  which  to 
plant  a  twelve-inch  projectile.  I  would  ask  anyone  to  look  at  the  photograph  on  this  table, 
representing  that  target  before  it  received  four  blows  from  a  600  lb.  projectile,  especially  to 
notice  the  small  area  of  the  six-inch  plate  which  received  two  such  blows,  and  I  appeal  with 
confidence  to  his  judgment  whether,  as  complete  penetration  was  not  efiected  by  a  600  lb. 
projectile,  with  1,171  feet  of  velocity,  through  so  battered  a  structure,  I  should  not  be  justified 
in  placing  its  resistance  much  higher  than  that  of  an  unbacked  solid  plate  of  12*3  inches,  which 
the  velocity  above  given  would  just  be  sufficient  to  pass  completely  through.  I  am  persuaded 
that  on  a  sound  target  the  six-inch  plate  backed  on  Mr.  Hughes's  plan  would  ofi'er  quite  as 
much  resistance  to  complete  penetration  as  an  unbacked  solid  plate  of  thirteen  inches,  and  that 
the  seven-inch  hollow  stringers  may  add  as  much  to  the  resistance  offered  by  any  armour-plate 
behind  which  it  is  placed,  as  is  equivalent  to  a  solid  plate  7  inches  thick. 

I  forbear  from  saying  that  this  is  proved.  I  put  it  forward  as  an  opinion  which  there  are 
good  grounds  for  entertaining. 

For  the  purpose  of  comparing  the  resistance  offered  by  these  various  methods  of  backing 
I  need  go  no  further.  The  Gibraltar  shield  was  in  every  way  so  inferior  to  the  powers  of 
modem  guns,  and  was  so  ill  adapted  for  use  in  a  ship,  that  it  need  not  be  considered.  I  have, 
however,  inserted  the  results  obtained  from  it,  in  Table  B,  where  they  may  be  consultsd.  The 
officers'  report  on  the  subject  said  that  in  its  strongest  part  its  resistance  was  about  equivalent 
to  that  offered  by  a  ten-inch  unbacked  solid  plate. 

One  of  the  important  merits  claimed  by  Mr.  Hughes  for  his  system  is  that  for  equal 
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resistance  it  is  much  lighter  than  the  ordinary  system  of  defensive  armour.  If  we  take  the 
turret  of  the  Devastation  as  equivalent  to  the  Millwall  nine-inch  plate,  in  its  sound  state,  as 
to  its  powers  of  resistance  ; — and  I  purposely  take  the  Devastation  s  turret,  which  I  conceive  to 
be  stronger  than  the  Glatton's  as  originally  constructed,  the  latter  having  been  strengthened 
since  it  was  fired  at  ;*  and  also  because  I  think  the  resistance  of  the  Glatton's  turret  when 
fired  at  was  not  equal  to  the  nine-inch  Millwall  plate  and  backing,  while  that  of  the  Devastation' s 
would  probably  have  been  nearly  so ; — then  the  comparison  of  weights  will  be  as  follows, 
taking  the  strongest  part  of  each  structure  : — 


"  Devastation."  lbs. 

Armour-plate    14  x  40  =  560 

Teak,  18  inches  1-5  x  42  =  63 

Skin,  11  inches    X  40  =  60 

Frames,  fastening,  covering  plates,  &c.  68 


Per  superficial  foot   751 


Millwall,  9-incli  Plate.  lbs. 

Armour-plate                9    x  40  360 

Two  f -plates                1^  x  40  =  60 

Vertical  frames,  hollow  stringers  ....  152 

Teak    36 

Covering  plate,  1^   50 

Bolts,  &c   _20 

Per  superficial  foot    678 


There  would  thus  be  a  gain  in  the  Millwall  system  of  73  lbs.  per  superficial  foot  for 
equal  resistance,  or  3*26  tons  in  100  superficial  feet,  so  that  if  we  had  a  surface  150  feet 
long  by  15  feet  high  to  plate,  we  should  save  by  the  adoption  of  the  Millwall  system  about  72 
tons  in  w^eight,  add  very  considerably  to  the  structural  strength,  and  immensely  diminish 
the  chance  of  setting  fire  to  the  wood  backing  under  a  powerful  shell  fire . 

It  is  of  course  obvious  that,  as  the  power  of  projectiles  has  enormously  increased  since 
the  Millwall  shield  was  constructed,  there  are  improvements  in  its  construction  which  have 
naturally  occurred  to  Mr.  Hughes,  without  any  abandonment  of  its  principle ;  I  will  just 
endeavour  to  show,  by  one  or  two  examples,  how  the  defence  on  this  principle  may  contend 
with  the  fearfully  increased  power  of  the  attack  with  better  prospects  than  at  present.  We 
have,  as  is  clearly  shown  in  Table  B,  been  induced  to  abandon  single  armour  and  adopt  sand- 
wich structures.  One  of  these,  known  as  No.  40,  consisted  of  three  6|-  inch  plates,  with  five 
inches  of  teak  between  them,  making  a  total  of  19^  inches  of  armour  plating,  and  10  inches 
of  wood  with  (if  applied  to  a  ship)  the  usual  frames,  edge  strips,  inner  skin,  &c.  This  was 
fired  at  by  a  projectile  of  815  lbs.  in  weight,  12-5  inches  in  diameter,  a  velocity  of  1,421  feet 
in  a  second,  and  a  total  vis  viva  of  11,408  foot  tons;  the  projectile  passed  through  all,  and 
set  fire  to  the  teak  backing.  This  projectile  was  stated  in  the  official  report  to  be  about  equal 
to  the  resistance  offered  by  the  target,  but  as  it  got  through  it,  it  had  clearly  somewhat  the  better 
of  it.  According  to  a  formula  recently  given  by  Captain  Browne,  late  of  the  Royal  Artillery, 
as  one  which  is  practically  used  to  solve  these  questions,  the  vis  viva  of  this  shot  was  just  able 
to  penetrate  completely  a  19*41  inch  unbacked  plate,  and  reckoning  as  he  does  that  three  6| 

*  This  is  a  mistake.  The  Olatton's  turret,  I  am  assured,  was  not  streugtliencd  after  being  fired  at.  Her 
turret  and  the  DemHlations  are  of  the  same  weight,  and  in  all  respects  are  represented  by  target  No.  34.  The 
weight  given  in  the  text  for  the  Devastation  turret  sliould  be  72(5  lbs.,  and  it  would  not,  therefore,  in  my 
judgment,  offer  as  much  resistance  to  projectiles  as  the  Millwall  U-iuch  plate  with  its  stringers. 
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plates  are  equal  to  about  17^  inches  of  solid  iron,  the  result  was  in  accordance  with  theory. 
This  target  was  strengthened  by  the  addition  of  another  sandwich  of  G^^  inch  iron  and  five 
inches  of  wood,  and  resisted  complete  penetration  by  the  same  projectile  with  a  velocity  of 
1,525  feet  in  a  second.  Now  let  us  sec  how  Mr.  Hughes  might  have  dealt  with  a  projectile 
just  capable  of  penetrating  completely  an  unbacked  plate  19"41  inches  thick.  He  could  apply 
a  twelve-inch  armour  plate,  two  hollow  stringers  of  nine  inches  interfilled  with  wood,  two 
plates  one  inch  thick  for  skin,  and  a  covering  plate  of  1^  inch  iron.  The  comparative  weights 
would  be  as  follows,  per  superficial  foot : — 


Sandwich.  lbs. 

Armour-plates    780 

Wood   38 

Skins  (11  inch)   60 

Frames,  fastenings,  covering  plates,  &c.  87 


Total   965 


MiLLWALL.  lbs. 

Armour-plate   480 

Two  9  inch  stringers    194 

Plates,  2  in   80 

Wood   55 

Covering  plate,  1 1  in   50 

Bolts,  &c   30 

Total    889 


If  this  arrangement  offered  only  an  equal  resistance  in  proportion  to  that  sho^ni  by  the 
Millwall  nine-inch  plate  in  its  battered  and  injured  condition,  it  would  be  equal  to  a  20*1  inch 
solid  unbacked  plate.  The  respective  weights  of  the  two  structures,  per  superficial  foot, 
would  have  been  :  sandwich,  965  lbs.,  which  could  not  have  kept  out  the  shot ;  Millwall,  889  lbs., 
which  would  do  so  with  something  to  spare ;  the  sandwich  requiring  a  total  thickness  of  43 
inches,  the  Millwall  36^  in.  Proceeding  to  No.  41  target  and  the  80  ton  gun — a  very 
extreme  example — we  find  a  sandwich  composed  of  four  eight-inch  plates  with  three  layers  of 
four- inch  teak  between ;  the  usual  frames,  skins,  &c.,  must  have  been  added  if  this  structure 
had  been  applied  to  a  ship.  Against  this  a  projectile  was  fired  14  inches  in  diameter,  1,700  lbs. 
in  weight,  with  a  vis  viva  of  29*607  foot  tons,  and  a  velocity  of  1,585  feet  in  a  second  without 
perforating  the  target ;  the  32  inches  of  iron  plating,  of  which  this  target  was  composed, 
were  in  reality  equal  to  about  29  inches  of  solid  plate,  and  according  to  the  formula  already 
referred  to,  the  1,700  lb.  projectile,  with  a  velocity  of  1,585  feet  in  a  second,  could  just  com- 
pletely perforate  an  unbacked  solid  plate  28  inches  thick. 

As  plates  22  inches  thick  have  been  rolled  and  were  actually  fired  at  at  Spezzia,  there 
would  be  no  difficulty  in  obtaining  plates  for  Mr.  Hughes's  system,  14  or  16  inches  thick.  As 
we  know,  14  inches  is  not  considered  beyond  the  thickness  which  can  be  used,  and  still  ensure 
sound  and  well-manufactured  plates.  Assuming  that  it  is,  or  will  be,  necessaiy  to  clothe  om* 
ships  in  armour  24  or  28  inches  thick,  it  can  be  much  more  easily  and  conveniently  done  on 
the  Millwall  than  on  the  sandwich  system.  An  armour-plate  14  inches  thick,  backed  by  12 
inch  hollow  stringers  and  the  other  parts  of  Mr.  Hughes's  system,  will  give  a  resistance  equal 
to  that  obtained  by  a  24  inch  solid  plate,  which  two  12  inch  plates  -^ith  15  inches  of  teak  will 
not  do.  And  a  15  inch  armour-plate  backed  by  16  inch  hollow  stringers  would  be  equal  to  a 
solid  armour-plate  of  28  inches  thick,  and  could  only  just  be  perforated  by  a  1,700  lb.  pro- 
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jectile  striking  with  a  velocity  of  1,585  feet  in  a  second.  In  all  these  supposed  cases  the 
advantage  in  weight  and  in  thickness  of  structure  is  greatly  on  the  side  of  the  Millwall  system. 
The  importance  of  the  latter  point  must  not  be  overlooked ;  for  it  is  evident  that  in  a  turret 
we  can  preserve  the  interior  diameter,  and  by  diminishing  the  thickness  of  the  structure  we 
shall  obtain  a  considerably  smaller  surface  to  cover  with  armour-plating. 

A  very  few  words  only  on  the  Spezzia  experiments,  which  I  take  as  confirming  a  great 
deal  I  have  already  said. 

The  thickness  of  armour  fixed  upon  by  the  Italian  Government  was  22  inches  of  iron  and 
19  inches  of  teak,  skin,  frames,  &c.,  as  usual.  Some  of  these  targets  were  of  solid  armour- 
plates,  some  were  sandwiches  of  wood  and  iron,  and  some  were  backed  with  cast  iron.  Most 
of  them  had  been  subjected  to  previous  pounding  by  comparatively  light  projectiles  ;  they  were 
demolished  by  the  2,000  lb.  projectile,  17  inches  in  diameter,  when  fired  at  them  with 
velocities  of  1,500  feet  in  a  second  ;  but  in  some  instances,  where  velocities  of  only  1,046  feet 
in  a  second  were  given,  the  resistance  to  perforation  was  successful.  As  the  Italian  gun  was 
far  more  powerful  than  the  targets  it  was  brought  against,  the  gunners  were  enabled  to  give 
their  projectiles  such  velocities  as  they  pleased,  and  as  a  rule  with  velocities  something  under 
1,500  feet  destroyed  all  that  was  before  them.  No  doubt  the  destructive  effect  of  these  large 
projectiles  was  much  increased  by  the  narrowness  of  the  plates  in  proportion  to  the  diameter 
of  the  shot.  With,  however,  a  velocity  of  1,500  feet  in  a  second,  this  projectile,  weighing 
2,000  lbs.  and  17  inches  in  diameter,  was,  according  to  the  formula  already  referred  to,  capable 
of  just  perforating  completely  30  inches  of  iron. 

The  scope  of  this  paper,  and  the  length  of  time  I  have  already  trespassed  on  your  atten- 
tion, forbid  me  to  refer  to  the  behaviour  of  the  steel  armour-plates,  and  the  extraordinary  way 
in  which  they  resisted  perforation,  destroyed  the  projectile,  and  fell  to  pieces  themselves.  To 
investigate  so  interesting  a  subject  in  connection  also  with  experiments  of  this  nature  that  took 
place  at  Portsmouth,  and  which,  I  understand,  are  even  now  going  on,  would  require  a  separate 
paper,  and  I  trust  that  some  member  of  this  Institution  may  be  induced  to  take  it  up  and  give 
us  the  benefit  of  a  thorough  examination  of  all  its  bearings  on  the  problem  of  successful 
defence.  I  have  referred  to  these  Spezzia  experiments  only  as  warnings  not  to  be  neglected 
of  the  difficulties  that  lie  around  us,  and  since  I  began  this  paper  there  has  loomed  before  us 
in  the  immediate  future,  if  not  in  the  actual  present,  such  an  application  of  steel  for  guns  and 
projectiles  as  will  lay  a  still  further  burden  on  the  shoulders  of  the  defence — a  burden,  I 
confess,  already  almost  too  heavy  to  be  borne.  If  steel  can  enable  guns  to  bear  charges  of 
powder  which  will  give  eight-inch  projectiles  velocities  of  from  two  to  three  thousand  feet  in  a 
second,  and  will  give  the  projectile  a  power  of  cohesion  that  no  opposing  force  can  disintegrate, 
I  own  the  defence  can  scarcely  hope  to  prevail  against  the  attack ;  but  even  against  such 
projectiles  and  such  velocities  it  is  evidently  incumbent  on  us  to  use  the  best  system  of 
strengthening  our  armour  plating  that  the  wit  of  man  can  devise. 

With  reference  to  ^he  old  and  recognised  powers  of  the  attack,  we  have,  I  think,  reached 
the  limits  of  sandwich  targets  for  naval  construction  ;  and  one  point  which  I  omitted  to  notice 
in  the  slight  sketch  I  have  made  of  the  Spezzia  experiments  confirms  me  in  this  opinion,  that 
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is,  the  distinct  indication  given  of  the  possibility  of  blowing  oil'  by  the  explosion  of  a  \v(;ll- 
planted  shell  the  outer  armour-plate  of  the  sandwich.  The  ingenuity  of  a  most  ^ingenious 
race  has  undertaken  to  solve  this  problem,  and  perhaps  it  will  succeed.  Be  that  as  it  may, 
the  Millwall  system  of  armour-plating  deprives  these  efforts  of  much  of  their  importance.  If  I 
have  not  succeeded  in  convincing  the  gentlemen  I  see  around  me  that  this  system  should  be 
adopted,  I  hardly  think  I  can  have  failed  to  bring  home  to  their  minds  that  it  is  at  least 
worthy  of  deliberate  and  careful  trial.  I  understand  that  Mr.  Hughes  is  in  communication 
with  the  Admiralty,  and  I  am  sure  the  subject  Avill  receive  from  its  Xaval  Constructors  that 
intelligent  and  careful  consideration  which  they  are  so  well  able  to  give,  and  which,  allow  me 
to  say  in  passing,  has  borne  fruit  in  those  splendid  structures  of  which  the  British  Xavy  is 
composed.  I  trust  that  no  naval  architect,  no  engineer,  no  artillerist  in  this  room,  will  believe 
for  one  moment,  that  in  taking  the  course  I  have  done,  I  have  the  presumption  to  suppose  that 
I  can  teach  them  their  business.  Far  from  it,  I  have  only  endeavoured  to  put  before  them 
such  facts  as  I  believe  to  be  indisputable  ;  it  is  for  them  to  draw  sound  and  correct  inferences, 
to  balance  the  possibilities,  probabilities,  and  the  diflEiculties  that  beset  the  solution  of  this 
grea;t  problem  ;  I  have  no  interest  whatever  in  the  matter,  except  the  all-absorbing  one  of 
procuring  for  our  common  country  and  for  our  Navy,  of  which  we  are  so  proud,  the  best 
possible  system  of  defence. 

No  one  can  be  more  sensible  than  I  am  of  the  imperfections  in  the  mode  of  treating  such 
a  subject  which  every  line  of  this  paper  presents.  In  one  respect  only  do  I  feel  some  little 
confidence  in  the  success  of  my  endeavours.  I  did  not  intend  to  say,  and  I  believe  I  have  not 
said,  one  word  which  could  give  the  slightest  pain  or  uneasiness  to  anybody,  however  much 
he  may  be  opposed  to  the  conclusions  I  have  arrived  at.  And  now,  gentlemen,  with  many 
apologies  for  the  length  into  which  the  importance  of  this  subject  has  unavoidably  led  me,  I 
submit  this  imperfect  sketch  for  such  consideration  as  you  may  think  proper  to  give  it. 


APPENDIX, 

GIVING  DETAILS  OF  THE  PRACTICE  AGAINST  THE  TARGETS  REFERRED  TO. 


BELLEEOPHON  TAKGETS. 

GENEEAL  DESCKIPTION. 

The  front  consists  of  a  solid  6-inch  armour  plate,  behind  which  are  10  inches  of  teak  laid 
horizontally  ;  between  the  logs  of  teak  are  four  horizontal  angle-iron  stringers  of  ^-inch  iron 
about  two  feet  apart,  not  quite  reaching  out  to  the  armour.  Behind  this  wood  are  two 
thicknesses  of  f-incli  iron,  forming  the  skin  of  the  ship,  and  behind  this  are  frames  of  angle- 
iron  10^  inches  deep  by      by  ^-inch,  and  two  angle-irons  of  oh  by  3^  by  |  inches  riveted 
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togetlier.  The  total  area  of  this  target  was  20  feet  9  inches  by  8  feet  6  inches,  or  176*37 
superficial  feet,  and  weighing,  without  supports,  393'5  lb.  per  foot. 


Date  of 

Photo- 
graphic 

Projectile. 

Velocity 

on 
Impact 

per 
Second. 

J  Oldl 

Energy 
of 

Energy 
per  inch 
of  Shot's 
Circnni- 
ference. 

General  Kemarks. 

Experiment. 

Number 
of  Shot. 

Nature. 

Weight. 

Dia- 
meter. 

Pi'ojec- 
tile  on 
Impact. 

lbs. 

inches 

feet. 

flint  fniiQ 

Dec.  8tli,  1863 

707 

/  Spherical  \ 
1  Cast  Iron  J 

662 

/7.Q0 
7  HZ 

1,380 

878 

35-3 

Indent,  1-5  inches. 

))  )» 

708 

r  Cylindrical  1 
\  Cast  Iron  J 
/'  Cast  Iron  "^ 

66'187 

D  y 

1,450 

965 

44-5 

Indent,  1-2  inches. 

709 

\  Spherical  ( 
i       and  I 

66J 

6-9 

1,468 

878 

35-3"^ 

}}  )> 

710 

Cylindrical  ) 
Ditto 

66| 

7.92 

1,485 

965 

1 

44-5  I" 

A  Salvo,  cracking  and  bulging  the  plate. 

i)  >I 

711 

Ditto 

66i 

6-9 

1,468 

878 

35-3 
46-5-^ 

>j  J) 

712 

Ditto 

66^ 

7-92 

1,485 

965 

f  Cast  Iron 

713 

J  Cylindrical  > 
(      Shot.  3 

59-9 

6-0 

1,524 

960 

44-2 

Indent,  1-8  inches. 

))  n 

714 

Steel  Shell 

69 

5-4 

1,221 

713 

46 

Indented  the  backing  2  inches. 

J)  )) 

715 

J  Cylindrical  1 
\  Steel  Shell  J 

119 

7 

1,273 

1,336 

60-6 

Indented  the  backing  0-65  inches. 

>)  JJ 

716 

Ditto 

149-5 

69 

Shell  burst  in  front  of  the  gun. 

717 

Cast  Iron  Shot 

15 

10-36 

1,547 

2,489 

76-5  { 

Cracked  and  indented  plate  to  a  depth  of 
5-2  inches  ;  skin  slightly  bulged. 

31  iJ 

718 

Shot  Steel 
f  Cylindrical  ") 
}   Cast  Iron  [ 
(      Shot  ) 

165 

10-43 

1,992 

2,472 

75-4  1^ 

Penetrated   armour,  remained    in  backing, 
bulged,  and  cracked  inner  skin. 

yj  Ji 

719 

308 

10-43 

1,090 

2,537 

77-8  { 

Indent  1-6  inches,  armour  plate  bent  and 
cracked,  inner  skin  slightly  bulged. 

720 

J  Cylindrical  | 
t  Steel  Shell  ) 

149-5 

6-9 

1,275 

1,685 

78-92  ^ 

Penetrated   armour,  burst   in  the  backing, 
inner  skin  bulged. 

The  total  energy  of  the  projectiles  which  struck  this  target  was  17,721  foot  tons,  or 
about  100  foot  tons  per  foot  of  surface.  The  6-inch  armour  plate  was  penetrated,  but  the 
structure  was  not. 


HEECULES  TAEGET. 

GENERAL  DESCRIPTIOM. 

The  front  consisted  of  a  9-inch  solid  armour-plate  at  the  top,  and  an  8-inch  plate  below, 
behind  which  were  horizontal  logs  of  teak  12  inches  thick  ;  between  these  logs  were  horizontal 
stringers  or  edge-plates  of  l-inch  iron,  the  outer  edge  resting  against  the  armour-plating, 
the  inner  end  secured  by  angle-irons  to  the  skin.  Behind  this  cushion  was  the  skin  in  two 
thicknesses  of  |-incli  iron.  Behind  the  skin  are  frames  10  inches  deep,  supported  by  two 
angle-irons  riveted  to  the  skin.  The  spaces  between  the  frames  were  filled  with  10  inches  of 
teak.  Behind  the  frames  or  ribs  were  18  inches  of  teak  in  two  thicknesses,  disposed 
horizontally.  Behind  this  wood  a  covering  plate  of  if-inch  iron,  and  behind  this  again  angle- 
irons  or  ribs  7  inches  deep.    The  total  area  of  this  target  was  146  superficial  feet,  or  73  feet 
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for  each  plate.  The  weight  for  the  9-inch  plate  was  689  lbs.,  and  for  the  8  inch  plate  052  lbs. 
per  superficial  foot. 


I'lioto- 
grapliic 

rilO,;ECTILK. 

Velocity 

'r(jtiii 

Kncrf^y 

Energy 

Date  ok 

on 
Impact 

of 

I)er  inch 
of  .Sliot's 

ference. 

Ge.nekal  I!KM.\HKS. 

EXPEltlMKNT. 

Numlier 

Diji- 
meter. 

Projec- 

of Shot. 

N^ature. 

vv  cignL, 

Second. 

tile  on 
Impact. 

lbs 

inches. 

feet. 

ft.  tons. 

foot  tons. 

Jiiue  21st,  1865 

1,010 

r  Elongated  "1 
\  Steel  Shot  J 

221-5 

915 

1,452 

111-9  J 
I 

struck  9-incli  plate,  indent  5  inches,  and  plate 

buckled  over  40  inches. 
Struck  8-inch  plate,  indent  and  buckle  S-51 

1,011 

Ditto 

299-5 

10-43 

1,277 

3,390 

103-6  J 
1 

inches  over  40  inches,  inside  skin  bulged  in 
rear  of  point  of  impact. 

1,048 

Ditto 

221-5 

O.I  K 

y  15 

1,451 

111.'?  f 
I 

Struck  9-inch  plate,  shot  remained  in  plate 
projecting  7k  inclie.s. 

))  >j 

1,013 

Ditto 

299-5 

1043 

1,283 

104-5  ^ 

Struck  9-inch  plate,  grazed  8  in.  plate,  indent 

}) 

on  upper  plate  8  inch. 

}}  )) 

1,011 

Ditto 

299  5 

10-43 

1,425 

1289  1 

Struck  on  9-inch  plate,  shot  remained  in 
plate,  base  projecting  7^  inches. 

))  J) 

1,015 

Ditto 

282 

992 

1,400 

3,835 

-123  1 

Struck    on  8-inch  plate,  shot  remained  in 
l)late,  base  projecting  6  5  inches. 

))  ]) 

1,046 

Chilled  Shot 

225 

9-02 

3,195 

110-6  \ 

Struck  on  right  side  of  hole  made  1011,  depth 
increased  to  18  inches. 

r      Steel  \ 
tCylndrShot  J 

Struck  8-inch  plate,  shot  remained  in  target. 

Dec.  7th,  18G5 

1,141 

573 

12  94 

1,268 

6,388 

156-9  1 

base  of  shot  4  inches  -within  plate,  inner 
skin  slightly  bulged. 

>>  )) 

1,142 

Ditto 

574 

12-94 

1,76 

6,180 

159-4  1 

Struck  8-iuch  plate,  small  crack  right  through 

plate. 

1,143 

Chilled  do. 

577 

12-95 

1,310 

6,872 

169  1 

Struck  top  of  9-inch  plate,  ploughed  through 
all  the  backing  to  a  depth  of  42  inches. 

It  >> 

1,144 

Ditto 

577 

12-95 

1,310 

6,872 

169  [ 

Penetrated  the  target;  struck  8-inch  plate 
where  previous  shot  had  been. 

1,115 

Ditto 

580 

12-95 

Not 
observed 

6,872 

169  1 

Struck  8-inch  plate,  shot    broke,  depth  of 
indent  1  foot  10  inches. 

>'  )' 

1,146 

r      steel  \ 
1  Clndr.  Shell  ] 

567 

1294 

1,307 

6,482 

159.5  { 

Struck  9-inch  plate,  cracked  it  through,  shell 
broke  up. 

The  total  energy  of  the  projectiles  which  struck  the  target  was  64,499  tons,  or  442  tons 
per  superficial  foot,  divided  as  follows  : — The  9-inch  plate  received  about  378  tons  per  super- 
ficial  foot ;  the  8-inch  plate  received  about  513  tons  per  superficial  foot ;  the  target  was 
penetrated  here,  but  not  in  a  sound  part.  The  report  of  the  Committee  was  that  it  could  not 
be  penetrated  in  a  sound  place  by  any  guns  then  existing. 


M  I  L  L  W  A  L  L     T  A  E  G  E  T  . 

GENEBAL  DESCRIPTION. 

The  front  consisted  of  two  iron  plates,  one  6  inches,  the  other  9  inches  thick,  with  a 
port-hole  cut  equally  out  of  each.  Part  of  the  6-inch  plate  is  covered  by  three  1-mch  plates, 
covering  more  than  half  the  length  of  the  plate  and  the  whole  of  its  depth.  The  two  priucipal 
plates  are  12  feet  2  inches  long  and  4  feet  wide.  Behind  these  plates  are  a  series  of  hollow 
stringers  7  inches  deep,  running  horizontally,  their  outer  faces  in  contact  with  the  inner  pai't 
of  the  armour-plates.    The  inner  part  of  the  stringer  has  two  flanges  riveted  to  a  skui  formed 
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of  two  thicknesses  of  f-incli  iron.  Behind  this  there  is  a  vertical  hollow  stringer  of  the  same- 
description,  the  hollow  part  turned  outwards.  Both  stringers,  where  hollow,  are  filled  with 
wood.  At  the  back  of  these  vertical  stringers  or  framers  there  is  a  covering  plate  or  inner 
skin  of  1-iuch  iron.  Various  strengthening  pieces  were  added  in  the  way  of  the  port-hole. 
The  total  area,  including  the  port-hole,  was  97  superficial  feet.  The  weight  per  foot  of  the 
6-inch  plating  was  558  lbs.,  of  the  9 -inch  678  lbs. 


Date  of 

Photo- 
grapliic 

Pkojectile. 

Velocity 

Impact 

per 
Secoud. 

Total 
Energy 
of 

Energy 
per  inch 
of  Shot's 
Circum- 
ference. 

General  Kkmakks. 

Experiment. 

Number 
of  Shot. 

Nature. 

Weight. 

Dia- 
meter. 

Projec- 
tile on 
Impact. 

lbs. 

inches. 

feet. 

ft.  tons. 

foot  tons. 

July  16th,  1868 

1,581 

Palliser  Shot 

249 

8  92 

1,254 

2,715 

96-9 

Struck  9-inch  plate  ;  penetration,  10  inches. 

1,582 

Ditto 

2 19'5 

892 

Not 
observed 

2,715 

96-9 

Struck  6-inch  plate ;  penetration,  14-3  inches. 

J)  >> 

1,583 

Ditto 

250 

8-92 

1,251 

2,713 

96-8  1 

Sti'uck  6-inch  plate  faced  three  1-inch  plates ; 
penetration,  12.8  inches. 

n  )) 

1,584 

Ditto 

250 

8-92 

1,234 

2,650 

94-6  1 

Struck  9-iLich  plate;  penetration,  9-9;  shell 
rebounded. 

1,586 

Palliser  Shell 

250-75 

8-92 

1,310 

2,984 

106-5/ 
I 

Struck  9-inch  plate ;  indent,  12  inches  ;  head 
01  shell  new  back. 

1,587 

Ditto 

248-6 

8-92 

Not 
observed 

2,984 

106-5  i 
I 

Struck  6-inch  plate  ;  penetration,  10  inches  ; 
head  ot  shell  remained  in  target. 

JJ  )3 

1,588 

Ditto 

248-6 

8-92 

Shell 

burst 

in  gun 

Fragments  indenting  the  target. 

Struck  the  6-inch,  faced  with  3-inch  ;  damaged 

it  }> 

1,590 

Palliser  Shot 

251 

8-92 

Not 

2,985 

106-5  ^ 

the    stringers  considerably ;  shot-hi>le  in 

observed 

contact  with  1,583  ;  penetration,  24-8  inches. 

))  3: 

1,591 

Palliser  Shell 

399 

9-92 

n 

4,027 

129-2 1 

Sti'uck  bottom  of  9-inch  plate  ;  p  ssed  under 
shield,  bllr^t,  and  made  a  large  hole. 

Struck  junction  9  and  6-inch  plates  on  the 
indent  of  1,586;  penetration,  19  inches. 

1,592 

Ditto 

397-75 

9-92 

4,519 

145  1 

1,594 

Ditto 

399-2 

9-92 

)) 

4,519 

145  1 

Struck  9-inch  plate;  penetrated  22  inches; 
projectiles,  27  3  inches  long. 

>j  )> 

1,595 

r  Spherical  I 
<  Cast  Iron  ^ 
L      Shot.  J 

451 

14-89 

1,156 

4,182 

89-4  { 

Struck  9-inch  plate,  shot  rebounded  6  feet, 
partly  broken,  and  set  up. 

)>             J ) 

1,596 

Ditto 

455 

14-89 

1,399 

6,542 

139-9 1 

Struck  top  corner  of  port,  6-inch  faced,  3-inch 
plates  partly  in  the  port ;  shot  broke  up. 

tt  >i 

1,593 

Ditto 

397-7 

9-92 

Shell 

burst 

in  guu  1 

Head  struck  in  a  splash  on  9-inch  plate ; 
indent,  4  inches. 

)»  J) 

1,589 

Palliser  Shell 

248-6 

8-92 

Not 
observed 

2,715 

969  1 

Struck  the  junction  of  6  and  9-inch  plates ; 
indent,  12  inches. 

Struck  6-inch  plate  close  to  the  port,  where 

Sept.  i;2nd  ,, 

l,5ii6 

Palliser  Shot 

601 

11-72 

1,171 

5,714.5 

1,526  1 

the  target  was  only  18  inches  thick,  passed 

through,  and  broke  uj). 

)J  3) 

1,597 

Ditto 

596 

11-92 

1,154 

5,503.8 

146-97 

Struck  9-inoh  plate  ;  penetration,  15-1  inches. 

Ditto 

600 

11-92 

152-35 1 

Struck  6-inch  plate;  indent  touches  1,587; 

)>  »> 

1,598 

1,171 

5,705 

indent,  33  inches. 

t)  1) 

1,599 

Ditto 

596 

11-92 

1,181 

5,764 

153  93 

Struck  9-inch  plate  ;  indent,  23'2  inches. 

The  area  of  the  9-inch  plate,  including  the  port-hole,  was  48ft.  Gin.  The  total  energy  of 
shot  it  received  was  about  35-960  foot  tons,  or  nearly  7-40  foot  tons  per  superficial  foot.  The 
area  of  the  6-inch  plate  unfaccd  was  about  24  feet,  and  the  total  energy  of  shot  it  received 
was  about  18,476,  or  about  760  foot  tons  per  superficial  foot ;  and  the  area  of  the  faced  part 
of  the  6-inch  plate  was  about  25  feet.  It  received  a  total  energy  of  projectiles  of  11,598  foot 
tons,  or  465  per  superficial  foot.  Of  course,  if  the  port-hole  were  deducted  the  areas  would  be 
smaller  and  the  energies  per  superficial  foot  larger. 

The  bolts  in  this  target  wore  of  peculiar  construction,  and  stood  remarkably  well. 
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No.  33  TARGET,  THICK  PART -SANDWICH. 

GENERAL  DESCRIPTION. 

The  thick  portion  of  this  target  consisted,  in  front,  of  an  8-inch  sohJ  armour-plate,  behind 
which  were  8  inches  of  teak,  then  a  5-inch  iron  plate,  then  6  inches  of  teak,  horizontal 
stringer  plates,  a  skin  li-inch  thick,  with  frames  12|  inches  apart.  No  dimensions  of  this 
target  are  given.  It  appears  to  have  received  projectiles  the  total  energy  of  which  was 
25,687  foot  tons.    Its  approximate  weight  was  about  709  lbs.  per  superficial  foot. 


Date  of 

Photo- 
gi'iiphic 

ritOJECTILE. 

Velocity 

on 
Impact 

per 
Second. 

Total 
Energy 
of 

Energy 
per  inch 
of  Sliot's 
Circum- 
ference. 

E.XPEIUMENT. 

jfumber 
of  Shot. 

Nature. 

Weight. 

Dia- 
meter. 

Projec- 
tile on 
Impact. 

July,  1871 

1,836 

r    PalHser,  "1 
[  Largo  Core  J 

lbs. 
214-7 

Inches. 
8-92 

feet. 
1,310 

ft.  tons. 
2,912 

foot  tons. 
103-9  1 

))  )> 

1,837 

Ditto 

215 

8-92 

Not 

obscr 

ved  1 

July  12th,  1871 

1,830 

Ditto 

530 

10-92 

1,250 

5,742 

167-4  1 

))  >> 

1,832 

Ditto 

533-4 

10-92 

1,275 

6,013 

175-3  1 

July  21st,  1871 

1,812 

Palliser  Shell 

527 

10-92 

1,258 

5,783 

168-6  1 

1,813 

r    Palliser,  "l 
\  Large  Core  j 

539 

10-92 

1,184 

5,239 

152-7  j 

General  Remarks. 


Total  penetration  18-2  Inches,  head  of  shot 

remaining  in  indent. 
Total  penetration  17  9  inches,  head  of  shot 

remained  in  indent. 
Passed  through — almost  in  a  line  with  rib, 

which  it  tore  from  the  skin  and  distorted. 
Burst  and  passed  through,  setting  the  backing 

on  fire;  frames  broken  and  distorted. 
Passed    through,    bursting    when  passing 

through  inner  skiu. 
Passed  through,  burst  apparently  on  passing 

through  the  skin. 


The  11-inch  gun,  weighing  25  tons,  was  thus  completely  master  of  this  sandwich  target, 
though  its  total  thickness  was,  iron  14^  inches,  and  wood  13  inches. 


No.     34  TARGET. 

GENERAL  DESCRIPTION. 

The  outer  portion  consists  of  two  14-inch  solid  armour  plates,  one  above  the  other, 
14  feet  8  inches  long  by  3  feet  8  inches  deep,  backed  by  9-inch  vertical  and  6-inch  horizontal 
oak  logs.  Skin  two  thicknesses  of  |-inch  iron,  horizontal  stringei's,  frames,  and  covering  plate 
;|;-inch  thick  behind  all,  the  whole  bent  to  a  radius  of  15  feet  7^  inches  to  represent  a  turret. 
The  area  of  the  target  was  102  5  superficial  feet.  The  approximate  weight  per  superficial 
foot  was  726  lbs.  in  its  thickest  part. 
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Date  of 
expekijient. 


May  4th,  1871 


JJ  )) 


May  5th,  1871 


May  7tli,  1871 


July  6th,  1871 


Photo- 
graphic 
Number 
of  Shot. 


1,792 

1,794 

1,803 

1,804 

1,808 

1,809 

1,822 
1823 
1,826 


Projectile. 


Nature. 


PaUiser  Shot 
Do.  Shell 
Do.  Shot 
Ditto 
Ditto 

Ditto 

r  Palliser,  "I 
\  Large  Core  / 

Palliser  Shell 
Ditto 


Weight, 


lbs. 
593 

601 

534 

534 

534 

533 

537 
542 
599-5 


Dia- 
meter. 


inches. 
11-92 

11-92 

10-92 

10-92 

10-92 

10-92 

10-92 

10-  92 

11-  92 


Velocity 

on 
Impact 

per 
Second. 


feet. 
1,269 

1,258 

1,292 

1,289 

1,305 

1,303 

1,263 
1,265 
1,222 


Total 
Energy 

of 
Projec- 
tile on 
Impact. 


Energy 
per  inch 
of  Shot's 
Circum- 
ference. 


ft.  tons 
6,622 

6,595 

6,181 

6,152 

6,259 

6,275 

5,940 
6,014 
6,208 


foot  tons. 
176-8  I 


{ 

L79-3  I 
2-4  I 

r 

1 


176-1 
180- 
1' 

182- 


182-9 

173-1 
175-3 
165-8 


General  Kemaeks. 


Penetration,  14-3  inches;  considerable  dis- 
integration on  rear;  many  fragments 
picked  up. 

Struck  on  a  bolt;  penetrated  10-75  inches; 

shell  burst  and  broke  on  striking ;  many 

fragments  p  oked  up  in  the  rear. 
Penetrated  24  inches  (projectile,  28-5  inches); 

much  disintegration  ;  and  many  fragments 

picked  up  in  the  rear. 
Struck  a  bolt,  -nhich  it  drove  clean  through  ; 

penetrated  19  inches;  shot  rebounded; 

many  fragments  picked  up  in  the  rear. 
A  piece  of  top  plate  broken  away,  20  5  by 

11  inches  ;  struck  the  edge  of  the  plate ; 

some  fragments  picked  up. 
Target  thrown  down ;  shot  passed  through, 

plate  and  backing  broke  up,  and  passed  in; 

fragments  over  inner  skin,  breaking  it  in. 
Target  re-erected,  shored  up ;  penetration, 

13-5  inches ;  plate  cracked  ;  damage  to  the 

rear. 

Penetration,  1675  inches;  much  damage  in 
the  rear, 

Not  a  direct  hit ;  but  the  point  of  the  shell 
penetrated  to  the  backing  ;  Target  obliged 
to  be  shored. 


The  report  notices  that  the  target  was  very  badly  supported ;  it  states  that,  allowing 
for  such  rounds  as  merely  grazed  the  target,  the  total  energy  of  the  projectiles  which  struck 
direct  was  53,117  foot  tons,  or  518  foot  tons  per  superficial  foot  of  the  structure,  and  though 
just  able  to  resist  the  guns  brought  against  it,  afforded  but  little  margin  of  protection. 

The  inner  skin  was  not  better  preserved  than  in  No.  35,  though  the  depth  of  penetration 
into  No.  34  was  less  than  in  the  former. 


No.     35  TARGET. 

GENEE-^L  DESCRirXION. 

It  is  in  all  respects  similar  to  No.  34,  with  the  important  exception  of  the  armour  being 
divided  into  two  thicknesses,  8  and  6  inches,  of  iron,  with  9-inch  oak  behind  the  8-inch  plate, 
and  C-inch  oak  behind  the  G-inch  plate.  Frames  and  other  things  as  in  No.  34.  The  area  of 
the  target  was  about  102-5  superficial  feet.  It  was  bent  to  the  same  radius  as  No.  34.  Its 
approximate  weight  per  superficial  foot  was  726  lbs.  in  its  thickest  part. 
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Date  op 

rhoto- 
gnipliic 

PllOJECTILB. 

Velocity 

ou 
Impact 

per 
Second. 

EXl'EKIMKMT. 

of  Shot. 

Nature. 

Weight. 

Dia- 
meter. 

lbs. 

inches. 

feet. 

Mny  4th  and  "1 
6th,  1871  J 

1,792 

Palliser  Shot 

595 

11-92 

1,258 

*)  It 

1,795 

Do. 

Shell 

G03-8 

11-92 

1,254 

ft  >} 

X,  /  w 

Do. 

do. 

592 

11-92 

" 

1,800 

Do. 

Shot 

594 

11-92 

1,262 

1,802 

Do. 

do. 

1,291 

1  810 

Do. 

Shell 

538 

10  92 

1,306 

1,812 

Do. 

Shot 

398 

9-92 

1,325 

July  6th,  1871 

1,819 

Do. 

Shell 

601 

11  92 

Not 

))  » 

1,820 

Do. 

do. 

599 

11-92 

1,218 

1,824 

Do. 

do. 

593 

11-92 

1,227 

>>  }> 

1,825 

Do. 

do. 

592-4 

1192 

1,235 

1,821 

Do.  large  core 

531 

10-92 

1,263 

Total 
Energy 

of 
Projec- 
tile on 
Impact.! 

ft.  tons 
6,529 

6,584 
and 

6,560 

6,194 

6,363 

4,815 

record 

6,164 

6,191 

6,265 
5,940 


Energy 
I)er  inch 
of  Shot  8 
Ciicum- 
ft  rence. 

foot  tons. 

174-  4  "I 

175-  8  { 

glanced 

175  2  I 
180  6  I 


185 


155-5 
od. 

164-  6 

165-  3 

167-3 
173-1 


Obnkiial  Uehahkh. 


Sti-uck  on  jnnction  of  plates,  penetration  27 
in<-hf.'H,  nrixny  fragmentH  in  i<;ar. 

Depth  of  indent  in  armour  10  inchtB;  a 
glancing  shot. 

No  result. 

Shot  penetrated  its  -whole  length  26  2  inches 
into  target,  the  base  0-6  inch  inside  the  face, 
outer  plate  cracked  throii<:h  (l:itna:;e  in  rear. 

'J'otal  penetration  21  inches,  length  of  shot 
28-5,  cracked  plate. 

Penetration  28  inches,  projectile  28-5 ;  much 
damage  in  the  rear,  many  fragments  picked 
up. 

Penetration  22-5  inches,  projectile  24-5  inches; 

much  disintegration  and  damage. 
Glanced,  and  scooped  the  taiget  slightly. 
Total  penetration  23  5  inches,  proj.  ctile  26-2 

inches;  cracks  and  damage  done. 
Strnt  k  on  top  edge  close  to  l,79y,  and  burst 

on  top  covering  plate. 
An  indirect  glancing  hit,  not  reaching  the 

inner  plate. 
No  hit. 


This  target  was  also  badly  supported,  much  disintegrated  by  the  firing,  many  fragments 
thrown  to  the  rear,  as  in  No.  31.  Allowing  for  the  direct  hits  only,  it  received  a  total  energy 
of  projectiles  amounting  to  51,656  foot  tons,  or  about  503  foot  tons  per  superficial  foot. 
Penetration  into  this  target  was  certainly  greater  than  into  No.  34,  but  the  inner  skin  was 
at  least  equally  well  preserved. 


"GLATTON"  TURRET  IN  PLACE. 

GENERAL  DESCRIPTION  OF  TARGET  AT  PLACE  FIRED  AT. 

Outside  a  solid  14-inch  plate  ;  next  to  which  three  vertical  logs  of  teak  7  inches  thick  ; 
next  to  which  horizontal  logs  of  teak  5  inches  thick,  with  horizontal  edge  strips  or  stringers 
between  them,  riveted  by  angle-irons  to  the  skin,  which  is  on  two  thicknesses  of  |-inch  iron 
frames  ;  behind,  91  inches  deep,  secured  with  two  angle-irons  to  the  back  part  of  the  skin, 
and  a  covering  plate  or  lining  behind  all  of  y-inch  iron.  A  square  foot  of  that  part  of  the 
target  subjected  to  the  experiment  weighed  about  726  lbs. 


Date  of 
Experiment. 

Photo- 
graphic 
Number 
of  Shot. 

PROJECTILE. 

Velocity 

on 
Impact 

per 
Second. 

Total 
Energy 

of 
Projec- 
tile on 
Impact. 

Energy 
per  inch 
of  Shot's 
Circum- 
ference. 

Genekal  Kemabks. 

Nature. 

Weight. 

Dia- 
meter. 

July  4th,  1872 

C    Palliser  ") 
\     Chilled  \ 

(    Shot  3 

Ditto 

lbs. 
600 

600 

inches. 
11-92 

11-92 

feet. 
1,275 

1,275 

ft.  tons. 
6,750 

6,750 

foot  tons. 

181  i 
1 

181  1 

Penetration  23-2  inches,  length  of  projectile 
26-2  inches  ;  shot  broke  up,  half  ot  it  re- 
maining in  the  strocture. 

Grazed  the  glacis  plate,  broke  the  covering 
place  of  the  deck,  penetrated  12^  inches. 

No  material  damage  was  done.  The  turret  revolved  after  receiving  these  shots.  The 
second  was  a  very  oblique  blow,  and  the  distance  from  centre  to  centre  of  the  projectiles  was 
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about  9  feet  8  inches.  The  live  creatures  inside  the  turret  were  not  hurt,  and  the  guns  were 
run  in  and  out  without  difi&culty  ;  but  the  projectile  very  nearly  penetrated  the  structure 
completely,  the  skin  being  split  over  the  point  of  the  shot,  and  wood  pushed  through  the  split. 
One  rib  was  broken. 


No.    40.— A    SANDWICH  TARGET. 

GENERAL  DESCRIPTION. 

This  target  consisted  of  three  armour-plates  6:^  inches  thick,  one  behind  the  other. 
Behind  the  first  was  a  layer  of  5  inches  of  teak,  then  the  second  armour-plate  and  5  inches  of 
teak  (the  layer  being  horizontal  and  vertical) ;  then  the  third  armour-plate ;  then  the  skin, 
ribs,  &c.  In  the  first  experiment  the  weight  of  the  target  was  about  907  lbs.  per  superficial 
foot ;  in  the  second  experiment,  6^  inches  of  iron  plate  and  5  inches  of  teak  having  been 
added,  its  approximate  weight  was  1,215  per  foot,  tried  against  the  38-ton  gun. 


Date  of 
bxperiment. 

Photo- 
graphic 
Number 
of  Shot. 

Projectile. 

Velocity 

on 
Impact 

per 
Second. 

Total 
Energy 

of 
Projec- 
tile on 
Impact. 

Energy 
per  inch 
of  Shot's 
Circum- 
ference. 

GENERAL  SEHAKES. 

Nature. 

Weight. 

Dia- 
meter. 

October,  1876 

March  10th, 
1877 

2,039 

2,043 

Palliser  Shell 

f    Palliser  I 
■j  Shell,  33  in.  i- 
I      long  J 

lbs. 
815 
Secot 
812 

inches. 
12-4 
id  expei 
12-4 

feet. 
1,421 
iment,  f 
1,525 

ft.  tons. 
11,408 
^un  chai 
13,045 

foot  tons. 

290  1 
mbered.  ' 
335  - 

Passed  through,  setting  the  backing  on  fire  ; 
a  portion  of  the  base  of  the  shot  remained 
in  the  target. 

The  penetration  was  about  20  inches  in  all, 
the  base  of  the  shot  getting  just  within  the 
first  armour-plate,  and  the  point  just  pene- 
trating the  inner  plate  ;  the  length  of  the 
projectile  was  33  inches. 

The  Committee  report,  on  the  first  experiment,  that  the  gun  and  the  target  were  about 
equal ;  on  the  second,  that  the  resisting  power  of  the  target  was  the  greatest. 


No.  41.  — A    SANDWICH  TAEGET. 

GENERAL  DESCRIPTION. 

This  target  consisted  of  four  8-inch  solid  plates,  disposed  as  follows : — Outside  of  all,  an 
8-inch  armour  plate,  16  feet  by  10  inches,  behind  which  is  a  layer  of  teak  5  inches  thick, 
horizontally  and  vertically.  Three  such  plates,  with  intervals  of  similar  fillings  of  teak,  follow. 
There  does  not  appear  to  have  been  any  skin  or  representation  of  a  ship's  frames,  &c.  The 
total  weight  per  superficial  foot  was,  approximately,  1460. 


Date  op 
Experiment. 

Photo- 

graphic 
IS'  umber 
of  Shot. 

PR0JE( 

Nature. 

3TILE. 

Weight. 

Dia- 
meter. 

Velocity 

on 
Impact 

per 
Second. 

Total 
Energy 

of 
Projec- 
tile on 
Impact. 

Energy 
per  inch 
of  Sliot's 
Circum- 
ference. 

General  Remarks. 

Feb.  1st,  1877 
May  4th,  1877 

2,011 
2,047 

f    Palliser  1 
i  Shell,  42  in.  V 
[       long  J 

Ditto 

lbs. 

1700 

Secor 
1700 

Inches, 

15-87 

id  exper 
15-92 

feet. 

1,496 

iment,  f 
1,585 

ft.  tons. 

2G,40O 

^un  cha 
26,907 

foot  tons. 

526  1 

nbered. 
2.590  1 

No  complete  penetration  was  effected  ;  depth 
of  indent,  48  8  in. 

No  complete  penetration  was  effected ;  depth 
of  indent,  56  in. 

The  target  being  too  powerful  for  the  gun,  the  penetration  was  much  less  than  if  the 
power  of  the  projectile  and  resistance  of  the  target  had  been  more  nearly  equal. 


ARMOUR  FOR  SHIPS. 
By  N.  Barxaby,  C.B.  (Vice-President  I.N.A.) 


[Read  at  the  Twentieth  Session  of  the  Institution  of  Naval  Architects,  3rd  April,  1879,  the  Right  Hon. 
Lord  Hampton,  G.C.B.,  D.C.L.,  President,  in  the  Chair.] 


Having  received  an  intimation  from  one  of  our  Vice-Presidents,  Vice- Admiral  Sir  R.  Spencer 
Robinson,  that  he  proposed  to  question  the  propriety  of  the  existing  mode  of  applyiug  the 
armour  to  Eughsh  ships,  I  thought  I  might  best  facilitate  profitable  discussion  upon  his  paper 
by  stating  my  own  views  as  to  the  present  position  of  the  question  of  the  material  for  sliips' 
armour,  and  the  best  mode  of  applying  it  to  the  parts  to  be  defended.  Before  proceeding  to  do 
so  I  would  remind  you  of  a  few  historical  facts,  and  make  some  remarks  of  a  general  character 
relating  to  armour  for  ships. 

The  modern  ironclad  ship  owes  its  origin  to  an  imperial  order  to  the  French  ^linister  of 
Marine,  dated  from  St.  Cloud,  16th  November,  1854.  The  Emperor  Napoleon  III.  pointed 
out  that  in  warfare  there  must  be,  in  addition  to  courage  and  ability,  even  chances.  Actions 
on  the  land  are  avoided  so  long  as  there  is  no  chance  of  success.  So  in  naval  warfare,  if  the 
fleet  were  risked  it  would  be  in  the  hope  of  destroying  that  of  the  enemy.  An  enormous 
capital  is  hazarded  in  order  to  destroy  that  which  has  cost  the  enemy  as  much.  But.  he  went 
on  to  say,  so  soon  as  the  fleet  is  employed  in  the  attack  of  a  fortification  the  proportions  are 
entirely  altered,  for  not  only  will  a  ship  be  found  inferior  to  a  land  battery,  because  a  ship 
offers  a  large  object  to  strike,  while  the  land  battery  occupies  but  a  little  space,  and  is  pro- 
tected by  parapets,  but  also  the  stake  is  materially  difterent.  So  it  happened  that  in  the 
Black  Sea  25,000  sailors  and  3.000  guns  could  not  seriously  injure  the  Russian  fortifications  ; 
and  that  indecisive  attacks  were  made  at  other  places,  entailing  serious  damage  to  the  ships 
without  doing  any  material  harm  to  the  enemy.  Under  exi^ting  conditions  risks  were 
incurred  for  nothing.  If  the  ships  threw  their  projectiles  at  2,000  metres  they  consumed 
their  ammunition  at  a  dead  loss,  and  gave  a  false  idea  of  the  power  of  the  fleet.  If  they 
approached  nearer  they  exposed  the  State  to  sacrifices  too  considerable  in  proportion  to  the 
object  in  view,  for  it  would  generally  be  perfectly  senseless  to  risk  the  loss  of  a  fleet  for  the 
destruction  of  a  few  forts.  To  remove  this  difficulty  he  proposed  to  create  '*  une  jiotte  de 
siege,"  capable  of  producing  decisive  effects,  and  at  the  same  time  of  lessening  to  the  State 
the  chances  of  loss  in  men  and  money. 

The  course  taken  to  meet  the  Emperor  s  views  was  to  build  floating  batteries  with 
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numerous  light  broadside  guns,  and  covered  from  end  to  end  with  iron  armour-plates.  This 
met  the  necessity  for  the  moment,  but  when  the  French  Government  in  1860  took  a  further 
step  and  launched  a  sea-going  ship,  the  Gloire,  covered  with  the  armour  of  the  floating 
batteries,  they  placed  us  upon  the  road  to  our  present  position,  which  is  more  exposed  than 
ever  to  the  Emperor's  objections  of  1854.  Fresh  means  of  attack  were  organised,  by  which  the 
armour  could  be  penetrated,  or  by  which  the  unarmoured  parts  could  be  reached.  So  it 
happens  that  in  1879  the  ships  are  far  more  costly  and  carry  fewer  guns  than  in  1854,  and  are 
at  the  same  time  exposed  to  destruction  by  the  torpedo  defences  of  the  port  as  well  as  by  its 
guns,  while  the  flotte  de  siege  of  1854  is  useless  against  the  guns  of  the  ports,  and  defenceless 
against  their  torpedoes.  It  would,  perhaps,  have  saved  the  expenditure  of  millions  of  money, 
if  the  Council  of  Ministers  who  met  to  consider  the  Emperor's  message  had  proposed 
a  flotte  de  siege  consisting  of  small  unarmoured  gunboats  of  eight  or  ten  knots'  speed, 
mounting  guns  of  greater  range  and  power,  instead  of  proposing  to  mount  the  existing  guns 
in  protected  ships.  Such  a  siege  fleet  would  have  met  the  necessities  of  to-day  as  well  as 
those  of  ]  854. 

As  to  the  sea-going  fleets,  we  have  already  proceeded  far  in  stripping  the  armour  from 
their  sides,  and  coming  back  to  the  old  condition,  but  with  this  important  difference  :  the 
vital  parts  of  the  fighting  machine  are  protected  against  the  enemy's  guns  to  such  an  extent 
that  no  single  shot  or  shell  shall  be  capable  of  disabling  it.  This  protection,  however 
afforded,  appears  to  be  indispensable  in  ships  designed  under  such  conditions  of  warfare  as 
now  exist.  This  is  the  nature  of  the  protection  given  to  the  great  Italian  first-class  battle- 
ships Italia  and  Lepanto.  They  are  to  have  enormous  power  of  engines  and  guns,  but  they 
are  not  ironclads.  They  are  protected  ships,  and  it  cannot  be  denied  that  they  are  also 
armoured  ships.  They  have  an  underwater  deck  of  three-inch  armour,  weighing  about 
1,200  tons,  and  they  have  probably  an  equal  weight  of  armour  of  eighteen  to  twenty-seven 
inches  protecting  their  internal  vital  parts. 

Not  less  interesting  is  the  protection  which  has  been  recently  devised  in  England  for  the 
merchant  ships  employed  in  a  time  of  war  under  the  Queen's  flag.  No  amount  of  resistance 
which  an  armour-plate  could  show,  would  give  the  satisfaction  which  I  received  from  the 
excellent  behaviour  of  the  simple  combination  of  fuel,  and  thin  loose  iron  sheets.  (See 
Addenda.) 

Coal  armour  and  torpedoes  together  have  given  to  the  fast  merchant  shipping  of  England 
a  significance  in  warfare  wholly  new.  In  the  place  of  being  helpless  wards  to  be  defended, 
they  become  active  combatants — a  strength  instead  of  an  embarrassment. 

I  have  thus  gone  lightly  over  the  ground  covered  by  the  history  of  armour  from  1854  to 
1879.  I  have  shown  that  in  its  latest  stages  it  consists  on  the  one  hand  of  plates,  more  than 
two  feet  thick,  and  on  the  other  it  is  the  ship's  own  fuel,  and  that  in  both  it  is  employed  only 
to  protect  the  absolutely  vital  parts.  For  this  purpose  it  appears  to  be  indispensable,  and  I 
suppose  it  will  become  general,  and  will  be  permanent. 

The  material  of  which  thick  armour  should  be  made  is  now  the  subject  of  anxious 
experiment  in  Germany  and  France,  as  well  as  in  Italy  and  England.    Steel  and  other  alloys 
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of  iron  arc  so  little  known  or  understood,  that  there  is  a  large  field  for  experiment  open  for  the 
armour-plate  maker  and  for  the  artillerist. 

Steel  has  been  tried  many  times  alone,  and  in  combination  with  iron,  but  it  never  gave 
enough  satisfaction  to  secure  its  adoption  until  experiments  were  made  at  Spczzia  with  plate 
55  centimetres  thick,  manufactured  by  Schneider  et  Cie.  at  Creuzot.  With  these  the  Italian 
Government  were  so  well  pleased  that  they  are  plating  the  Dandolo  and  Duilio  with  such 
plates.  Those  of  us  who  visited  the  French  Exhibition  last  year  may  have  seen  a  steel 
armour-plate  produced  by  this  firm,  bent  to  the  form  of  a  turret,  32  inches  thick,  and  weigh- 
ing 65  tons. 

Those  who  w^ent  to  the  works  at  Creuzot,  by  favour  of  Mons.  Schneider,  may  also  have 
seen  an  ingot  of  cast  steel,  suitable  for  making  an  armour-plate,  and  weighing  120  tons.  The 
rival  firm  of  Terre  Noire  exhibited  armour-plates  of  steel  which  had  not  been  hammered,  or 
rolled,  or  otherwise  forged.  They  were  simply  cast  plates,  tempered  in  oil,  and  annealed. 
Judging  from  the  admirable  series  of  specimens  and  tests  and  analyses,  the  manufacture  has 
already  obtained  a  large  degree  of  precision,  and  is  full  of  promise. 

I  believe  that  the  Italian  Government  will  shortly  test  some  of  it  with  the  big  Elsvvick 
gun,  and  it  may  be  that  blocks  of  cast  steel  will  revolutionise  the  manufacture  of  armour  by 
making  the  rolling  operations  unnecessary,  and  bringing  down  the  cost  to  that  of  ordinary 
large  castings.  The  French  Government  have  also  made  many  experiments  with  steel  armour 
at  Gavre,  but  have  not  yet  satisfied  themselves  that  they  should  give  up  wrought  iron. 

Experiments  with  steel  in  England  have  shown  that  steel  can  be  made  of  great  hardness, 
so  hard  that  it  will  break  up  all  projectiles  which  strike  it,  and  that  will  not  suffer  seriously 
in  doing  so.  Sir  Joseph  Whitworth  has  obtained  some  most  remarkable  results  in  this 
direction,  and  he  is  still  pursuing  the  inquiry.    (See  Addenda.) 

The  Sheffield  makers,  Messrs,  Cammell  and  Messrs.  Brown,  have  both  declared  in  favour 
of  iron  plates  with  steel  faces,  produced  in  the  rolls.  Both  these  firms  exhibited  at  Paris  last 
summer  the  comparative  results  of  a  shot  at  each  of  two  plates  rather  less  than  four  feet  square, 
and  9  inches  thick.  In  all  the  plates  a  7-inch  gun  was  used  at  70  feet  range,  and  a  Palliser 
chilled  shot.  The  iron  plate  made  by  Brown  was  indented  8  inches  without  cracking,  with  a 
charge  of  25  11  )S.  of  powder.  That  made  by  Cammell  was  perforated,  without  cracking,  with 
a  charge  of  30  lbs.  of  powder. 

The  Browns'  compound  plate  was  half  steel  and  half  iron.  With  a  charge  of  30  lbs.  of 
powder  it  was  only  indented  4f  inches,  and  there  was  no  cracking. 

The  Cammells'  compound  plate  had  5  inches  of  steel  and  4  inches  of  iron.  With  a  charge 
of  30  lbs.  of  powder  it  was  only  indented  3-12  inches,  but  the  steel  part  of  the  plate  opened 
from  the  hole  to  one  edge  \  of  an  inch.  The  crack  did  not  go  through  the  iron.  The  Jurors 
awarded  a  Grand  Prix  to  both  exhibitors,  and  the  honour  was  well  deserved. 

At  Shoebury  a  blow  which  has  perforated  a  12-inch  iron  plate  has  been  delivered  three 
times  at  a  10-inch  compound  plate  6  feet  square,  without  any  one  of  the  three  getting  through 
the  plate.    (See  also  Addenda.) 

The  conditions  laid  down  for  the  turret  plates  of  the  Inflexible  are,  that  a  piece  about 
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6  feet  long,  cut  off  the  bent  plate  of  the  turret,  and  secured  to  backing,  shall  neither  be  perforated 
nor  cracked  through  by  the  shot  which  would  perforate  a  similar  piece  of  iron  ;  and  that  if  the 
edges  of  the  test  piece  are  supported  by  a  frame,  no  one  of  three  such  shots  planted  at  2  feet 
intervals  shall  get  through. 

The  construction  of  the  turret  wall  differs  in  two  important  respects  from  that  which  Sir 
Spencer  Robinson  favours. 

1.  It  has  considerable  depth.  The  armour  is  16  in.  thick,  and  the  backing  is  18  in. 
thick. 

2.  The  armour  is  in  two  thicknesses  instead  of  one. 

1.  There  is  a  distinct  advantage  in  depth  of  target.  This  has  been  very  well  put  by  a 
celebrated  steel  maker,  when  proposiag  a  particular  form  of  target.  He  said  :  "  The  force 
residing  in  a  projectile  may  be  estimated  by  the  average  powder  pressure  in  the  gun,  multipHed 
by  the  distance  through  which  it  has  been  active." 

"  Assuming  the  effective  powder  pressure  to  be  equal  to  7J  tons  on  the  square  inch,  active 
through  a  distance  of  5  ft.  against  a  projectile  of  9  in.  diameter,  weighing  2|  cwt.,  we  have  a 
total  force  of  64  x  5  x  7|-  =  2,400  foot  tons,  represented  by  an  initial  velocity  of  1,100  ft. 
per  second.  Assuming  the  projectile  to  be  a  hard  substance,  and  that  its  motion  is  to  be 
arrested  by  hard  armour,  this  amount  of  force  would  have  to  be  consumed  within  an  indefinitely 
short  space  of  time,  during  which  the  force  of  impact  exerted  would  be  infinite  in  amount.  In 
other  words,  either  the  projectile  or  the  armour  it  strikes,  or  both  of  them,  must  be  broken  up, 
whilst,  if  the  target  struck  by  the  projectile  possess  a  certain  amount  of  ductility  or  pene- 
trability, the  former  will  be  penetrated  until  the  force  residing  in  the  projectile  be  absorbed." 

So  that  if  the  target  offers  a  certain  amount  of  resistance  continuously,  after  perforation 
is  commenced,  and  before  the  skin  of  the  ship  is  reached,  the  energy  is  taken  out  of  the 
projectile  by  a  resistance  comparable  in  amount  with  the  original  powder  pressure.  The  target 
may  be  of  such  depth  as  to  need  only  a  continuous  resistance,  equal  to  or  even  less  than  this 
original  pressure. 

To  this  we  may  add,  that  to  receive  a  projectile  made  of  comparatively  brittle  material,  as 
chilled  cast  iron,  it  is  desirable  to  make  the  outer  surface  of  the  armour  as  hard  as  possible, 
so  as  to  resist  the  penetration  of  the  point  or  front  of  the  projectile,  and  thus  to  cause  it  to 
break  up.  This  it  often  does,  and  simply  plasters  itself  upon  the  face  of  the  plate.  Moreover 
should  it  get  through  the  front  plate,  a  space  of  comparatively  soft  material  behind  allows  the 
projectile  to  break  up  and  disperse  in  this  space,  as  it  will  in  an  air  space  between  two  armour- 
plates.  This  effect  may  be  often  seen  when  a  Palliser  projectile  passes  through  one  plate  and 
then  through  wood  backing  before  it  reaches  the  inner  plate. 

2.  The  arrangement  of  the  armour  in  two  thicknesses,  rather  than  in  one,  results  from 
a  set  of  trials  made  at  Shoebury  in  1871  on  the  turret  targets  Nos.  34  and  35. 

No.  y4  target  consisted  of  two  solid  wrought-iron  armour-plates  (upper  and  lower), 
each  14  ft.  by  3  ft.  8  in.  by  14  in.,  on  15  in.  of  timber  backing,  and  one  of  6  in. 
No.  35  target  consisted  of  two  similar  plates,  8  in.  thick  in  front,  and  two  of  6  in.  thick 
within.    The  inner  thickness  was  interposed  between  the  two  thicknesses  of  backing.  The 
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total  depth  of  target  in  each  case  was  30|  in.,  and  the  targets  were  bent  to  a  radius  of 
15  ft.  7^  in. 

They  were  fired  at  by  the  1 2-inch  and  11-inch  25-ton  guns,  with  GOO  lb.  and  530  1b. 
projectiles,  and  85  lbs.  of  pebble  powder,  at  200  yards  range.  The  two  targets  were  struck 
by  projectiles  representing  over  500  foot  tons  per  square  foot  of  surface.  The  committee, 
consisting  of  General  Elwyn,  Captains  Foley  and  Arthur,  of  the  Royal  Navy,  Col.  Inglis,  R.E., 
Captains  Harrison  and  W.  H.  Noble,  of  the  Royal  Artillery,  and  Lieut.  Innes,  R.E.,  decided 
that  both  targets  were  a  match  for  the  guns,  projectiles,  and  charges  with  which  they  were 
attacked,  although  they  afforded  but  little  margin  of  security. 

That  although  the  actual  amount  of  indent,  as  measured  from  the  face  of  the  target,  was 
less  in  No.  34,  the  Committee  considered  that  the  absolute  amount  of  resistance  to  shot  and 
shell — that  is  to  say,  the  protection  afforded  to  the  inner  skin — had  been  shown  to  be 
practically  the  same  in  both  targets. 

That  the  importance  of  diminishing  the  number  of  joints  in  the  armour  of  turrets  was 
clearly  demonstrated  during  these  experiments.  Turrets  constructed  on  the  model  of  either 
No.  34  or  No.  35  targets  would  present  a  centre  line  of  weakness  all  round  the  junction  of  the 
upper  and  lower  plates. 

That  although  the  manufacture  of  a  14-inch  plate  of  width  sufficient  for  the  height  of  the 
turret  might  be  impracticable  with  existing  appliances,  plates  of  sufficient  width,  up  to  8  in. 
thick,  could  be  made,  and  the  Committee  on  that  account  considered  that  No.  35  target,  as 
designed  and  constructed,  did  not  fairly  exhibit  all  the  merits  of  the  double- plate  system. 
The  advantages  to  be  obtained  by  the  use  of  two  or  more  layers  of  thinner  plates  of  greater 
width  were  that  the  number  of  joints  and  through  fastenings  might  be  diminished,  the 
necessity  for  through  joints  altogether  avoided,  and  that  the  construction  about  the  ports 
might  be  greatly  improved. 

Taking  therefore  into  consideration  that  the  double  plate  system  admitted  of  the 
employment  in  turrets  of  armour-plates  of  a  breadth  equal  to  the  height  of  the  turret ;  that 
through  joints  could  thus  be  dispensed  with  ;  that  the  bolting  and  securing  of  the  structure  was 
facilitated ;  that  the  absolute  cost  was  less ;  *  and  that  the  total  resistance  did  not  appear 
to  be  practically  affected ;  the  Committee  preferred  this  construction  to  that  in  which  the 
armour  was  disposed  in  one  thickness. 

After  the  trials  of  the  double  and  single  plate  systems  at  Spezzia,  the  War  Office  was 
again  referred  to  on  this  point,  with  special  reference  to  the  possible  effect  of  gun-cotton 
shells  bursting  between  the  two  thicknesses,  and  it  advised  adherence  to  the  double  plate  plan. 
I  shall,  however,  be  quite  prepared  to  find,  at  no  distant  date,  that  the  progress  in  steel 
manufacture,  afi'ecting  both  armour  and  projectiles,  requires  us  to  put  the  whole  of  our 
defensive  plates  into  one  thickness.    Up  to  this  point  I  believe  our  construction  is  a  good  one. 

*  An  error,  pointed  out  at  the  time. 
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ADDENDA. 

Cammell's  Compeessed  ok  Steel-faced  Plate. 

A  plate  9  in.  thick  and  8  ft.  by  6  ft.  9  in.  in  length  and  breadth  was  made  of  5^  in.  of 
iron  behind  8^  in.  of  steel,  the  two  metals  being  thoroughly  welded  together  by  Mr.  A. 
Wilson's  patent  process.  It  was  secured  to  wood  backing  on  board  tbe  Nettle  at  Portsmouth 
by  thirteen  3^  in.  bolts,  screwed  in  from  the  back.  It  was  fired  at  by  the  gun  loaded  in 
the  same  manner  as  when  it  easily  perforated  a  9  in.  iron  plate  similarly  backed.  The  gun 
was  the  9  in.  M.  L.  R.  gun,  with  a  250  lb.  chilled  cast-iron  projectile  and  50  lbs.  of  pebble 
powder.    The  range  was  30  ft. 

This  plate  received  five  successive  blows  from  this  gun  without  perforation.  At  the 
first  blow  there  were  some  very  fine  cracks  of  the  steel  face.  At  the  second  shot  there  was 
a  through  crack.  The  point  of  the  shot  penetrated  7*37  in.,  and  both  holes  remained 
plugged  up  by  the  points  of  the  projectiles.  The  third  shot  did  not  penetrate  so  deeply 
as  either  of  the  others,  but  there  was  some  extension  of  the  fine  cracking.  The  fourth  plate 
only  penetrated  6^  in  ,  but  drove  out  an  armour  bolt  and  cracked  the  plate  right  across.  The 
fifth  shot  penetrated  8  in.,  and  broke  off  the  lower  corner  of  the  plate,  exposing  the  backing, 
and  therefore  breaking  down  the  defence. 

The  final  result  was  that  this  small  plate  kept  out  five  projectiles,  every  one  of  which 
would  have  gone  through  the  same  thickness  of  iron,  and  would  apparently  have  been 
capable  of  receiving  several  others  had  it  been  supported  round  the  edges  by  adjacent  plates. 

Sir  Joseph  Whitworth's  Steel  Armour. 
I. 

A  small  5  in.  plate  of  steel  2  ft.  3  in.  square,  having  hard  steel  bolts  (2|-  in.  diameter) 
screwed  into  it  at  intervals  of  3^  in.,  was  fired  at  from  a  Whitworth  32-pounder  gun.  Each 
projectile  weighed  about  32  lbs.,  and  the  charge  was  6^  lbs.  of  R.L.G.  powder. 

The  first  shot  was  of  chilled  cast  iron.    It  penetrated  only  2*37  in. 

The  second  shot  was  of  the  same  material.    It  penetrated  1'4  in. 

The  third  shot  was  of  steel,  and  it  penetrated  3  2  in. 

The  plate  is  at  the  Admiralty,  and  there  is  not  the  least  indication  of  cracking  in  it. 
The  steel  shell  remained  whole,  but  was  shortened  2-2  in.,  and  bulged.  The  base  of  the 
shell  was  not  altered  in  form,  but  at  4*5  in.  from  the  base,  the  diameter  of  the  shell  across 
the  corners  was  increased  0*6  in. 

II. 

A  circular  shield,  about  5  ft.  across  and  9  in.  thick,  made  of  concentric  screwed  rings 
of  steel,  fastened  by  a  central  screw  to  a  flat  plate  of  iron,  received  a  blow  from  a  Woolwich 
chilled  iron  9  in.  projectile  planed  to  fit  a  Whitworth  9  in.  gun. 

The  projectile  weighed  250  lbs.,  and  was  fired  with  50  lbs.  of  powder. 

The  projectile  should  have  gone  through  the  shield  had  the  resisting  power  been  the 
same  as  iron,  but  the  actual  penetration  was  only  14  in. 
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DISCUSSION  ON  THE  TWO  PRECEDING  PAPERS. 

Mr.  Chas.  F.  Henwood  :  As  I  have  had  a  great  deal  of  experience  with  Hughes'  Stringer  for  the 
last  thirteen  or  fourteen  years,  I  may  perhaps  be  allowed  to  make  a  few  remarks.  In  18GG,  or  earlier 
than  that,  Mr.  Hughes  first  introduced  his  backing,  and  I  had  in  the  course  of  my  profession  to  elect 
the  most  suitable  backing  for  some  ships  I  was  then  designing  for  the  late  Admiral  Halsted,  and  in 
conjunction  with  Mr.  Watts,  after  examining  all  the  targets  and  experiments  that  had  taken  place  at 
Shoeburyness  up  to  that  time,  we  came  to  the  conclusion  that  nothing  better  had  been  presented 
for  a  backing  for  armour-plating  than  this  invention  of  Mr.  Hughes;  and  have  confirmed  our 
judgment  from  the  subsequent  result?"  of  experiments  (and  I  have  watched  them  very  carefully  as 
they  have  transpired).  Sir  Spencer  Robinson,  in  his  paper,  institutes  a  comparison  between  the 
Devastation  side  or  turret  and  its  equivalent  on  the  Hughes'  system.  He  says  there  would  be  a  gain 
of  some  48  tons  in  an  area  of  150  feet,  by  15  feet ;  but  150  feet  is  rather  a  short  length.  If  you  take 
a  vessel  300  feet  long,  the  saving  in  weight  of  defensive  armour,  other  things  being  equal,  will  then 
represent  some  200  tons.  But  that  is  not  all  the  saving,  in  addition  to  equal  efiiciency,  because  to  carry 
these  200  tons  of  armour  we  have  more  or  less  to  provide  200  tons  of  hull  of  the  ship,  so  we  not  only 
save  those  200  tons  of  armour,  which  may  be  taken  at  £60  a  ton,  but  we  have  200  tons  off  the  hull  of 
the  ship,  which  would  probably  cost  some  £60  or  £80  a  ton.  So  that  in  the  case  of  one  ship  there 
is  a  saving  alone  in  money,  maintaining  an  equal  efiiciency,  of  some  ;£24,000,  and  that  extending 
over,  say  twenty  ships,  represents  pretty  nearly  half  a  million  of  mone}'.  But  there  are  other 
advantages  in  that  you  may,  with  equal  defensive  poAvers,  obtain  a  very  much  smaller  ship,  and  con- 
sequently a  handier  one,  with  less  draught  of  water.  All  these  ought  to  be  borne  in  mind  in  con- 
sidering this  question,  because  any  improvement  that  can  be  made,  whereby  we  can  obtain  a 
reduction  in  the  weight  to  be  carried,  is  not  merely  represented  by  the  saving  in  the  weight,  or  in 
the  thing  itself.  I  was  not  in  the  room  during  the  reading  of  most  of  the  paper,  and  I  content  mj-self 
with  just  these  few  remarks  m  support  of  what  Admiral  Robinson  has  so  well  stated  in  his  paper. 

Mr.  N.  Barnaby  :  My  Lord,  I  may  perhaps  help  the  discussion  a  little  if  I  refer  to  one  or  two 
facts  to  which  I  have  asked  Sir  Spencer  Robinson's  attention,  namely,  that  there  is  a  difference  in  the 
statements  given  between  the  weight  of  the  Millwall  shield  per  square  foot  in  Sir  Spencer  Robinson's 
paper,  he  having  taken  a  certain  view  of  it,  and  the  weight  which  is  assigned  to  it  by  the  official 
people  who  were  employed  at  Shoeburyness  in  connection  with  the  experiments.  I  hold  in  my  hand 
a  paper  belonging  to  the  War  Ofiice,  which  was  lent  me  when  I  made  inquiry  of  them  as  to  what  were 
the  facts  as  to  its  weight,  and  I  will  just  read,  with  your  permission,  a  word  or  two  from  that  state- 
ment of  theirs.  The  officer  who  is  directly  responsible  for  this  statement  is  Colonel  Inglis,  so  well 
known  to  us  all,  who  is  at  the  head  of  the  Fortification  Branch  of  the  War  Office.  He  says  that  the 
shield,  before  'it  was  fired  at,  was  very  strongly  supported  at  the  back,  and  that  the  Committee  who 
directed  the  firing  experiments  saw  that  the  shield  had  a  very  large  resisting  power ;  but  they  did  not 
take  into  account  what  was  the  weight  which  was  required  in  order  to  give  the  defence  which  they 
saw  to  be  so  great.  They  did  not  contemplate  that  such  a  shield  would  be  put  forward,  or  at  any 
rate  that  they  were  called  upon  to  give  any  opinion  as  to  its  suitability  for  a  ship  ;  but  when  these 
gentlemen  from  the  War  Office,  Colonel  Inglis'  department,  came  to  weigh  it,  the}-  said  this,  that  the 
total  weight  of  the  shield  was  so  increased  that  the  lower  portion  of  what  is  called  the  9-inch  plate 
was  equivalent  to  23/0  inches  of  solid  iron :  in  other  words,  instead  of  having  a  weight  of,  I  think,  678 
lbs.  for  the  9-inch  plate,  these  officers  make  out  that  it  was  952  lbs. ;  and  instead  of  being  558  lbs. 
per  square  foot  for  the  6-inch  plate,  they  say  it  was  not  so  at  all,  but  it  was  824  lbs.  Now  the 
difference  of  statement  with  regard  to  the  weights  is  so  serious,  if  you  propose  to  use  it  in  a  ship,  that 
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I  thought  it  my  duty  at  once,  as  soon  as  I  knew  it,  to  call  Sir  Spencer  Eobinson's  attention  to  it ; 
because  we  must  all  be  conscious  how  extremely  anxious  he  has  been  to  put  the  case  carefully.  You 
"will  see  in  his  paper  he  only  makes  a  very  small  gain  in  weight  as  between  the  9-inch  structure 
which  he  is  dealing  with,  and  the  Devastation  armour  Vv'hich  he  contrasts  with  it.  He  does  a  little 
injustice  to  the  Devastation  armour  in  his  statement,  because  the  target  which  was  fired  at  represented 
the  Devastation  turret,  and  that  only  had  fifteen  inches  of  backing,  and  an  inch  and  a  quarter  of 
skin  ;  whereas  he  took  eighteen  inches  of  backing,  and  an  inch  and  a  half  of  skin.  He  takes  a  part 
of  the  side  wall  of  the  ship  that  was  not  fixed  at,  and  attaches  that  weight  to  the  turret  wall  that 
was  fired  at.  The  weight  he  should  have  taken  is  726  lbs.  and  not  751  lbs.*  There  is 
another  fact  to  which  I  want  to  call  your  attention,  which  is  this.  The  War  Office  people 
were  so  desirous  of  ascertaining  what  was  the  precise  value  of  Mr.  Hughes'  bars  that  they  had  a 
target  expressly  devised,  for  the  purpose  of  testing  the  comparative  resisting  power  of  the  Hughes' 
bars,  of  some  channel  irons  placed  edgewise,  and  of  solid  plates  ;  and  the  report  in  this  book  which 
I  hold  in  my  hand  is  this,  that  8-inch  solid  plates  on  a  2-inch  skin  and  concrete  backing — that  was, 
the  skin  and  backing  were  common  to  all  the  plates — offered  better  resistance  to  projectiles  of  all 
calibres  than  the  same  quantity  of  iron  arranged  partly  as  plates,  and  partly  as  stringers  in  rear  of 
the  plates,  sujiported  by  a  similar  backing ;  that  of  the  two  systems  of  stringers  experimented  upon — 
that  is,  Mr.  Hughes'  system,  and  the  double  channel  iron  placed  edgewise,  neither  form  exhibited  any 
decided  relative  advantage  ;  and  giving  in  general  terms  the  result  of  the  experiment,  they  say  that 
the  compound  construction  of  plate  and  stringer  offers  no  advantage,  as  regards  penetration,  over  the 
solid  plate  upon  plate  system.  Now,  Sir  Spencer  Eobinson  is  not  taken  by  surprise  in  what  I  have 
just  said,  and,  as  he  has  just  told  me,  he  is  prepared  to  say  a  word  or  two  on  it ;  but  I  thought  it  best 
that  I  should  at  once  call  your  attention  to  what  seems  to  me  to  be  a  very  serious  matter,  namely, 
Are  the  statements  put  before  us  this  morning  as  to  the  gain  in  resisting  power  depending  on 
relative  weights  to  be  accepted  ?    In  my  judgment  they  are  not  to  be  accepted. 

Mr.  Mackie  :  My  Lord,  as  I  was  present  at  the  shooting  at  the  Millwall  shield,  which,  if  I 
remember  rightly,  took  place  at  the  time  you  were  in  office,  and  in  which  you  took  on  one  occasion 
very  great  interest — the  occasion  to  which  Mr.  Barnaby  refers — I  should  like  to  say  a  few  words  on 
behalf  of  the  Millwall  shield,  particularly  as  Mr.  Barnaby  has  made  reference  to  one  matter  on  which 
I  should  have  thought  he  would  have  had  no  doubt  in  his  own  mind,  that  is,  the  question  of  weights. 
The  Millwall  shield  was  an  experimental  structure,  made  by  Mr.  Hughes  at  Millwall,  to  the  order  of 
the  War  Office,  and  was  designed  and  made  as  a  land  shield.  I  need  not  point  out  to  you,  my  Lord, 
nor  to  this  audience,  that  the  question  of  weight  is  of  no  moment  at  all  in  the  defence  of  a  land 
embrasure,  because  the  weight  can  be  carried  on  the  ground  in  any  ordinary  manner,  and  because  also  it 
is  the  cost  of  the  defence  there  which  is  the  main  object ;  and  if  Mr.  Hughes  could  produce  on  that 
occasion  a  shield  which  weighed  38  tons,  as  against  28  tons  in  the  shield  which  was  its  competitor, 
and  produce  that  better  and  stronger  shield  for  the  same  sum  of  ^1,000,  then  what  I  say  is,  that  in 
that  direction  he  was  right  on  that  occasion.  But  if  you  are  to  put  the  same  qualification  of  armour 
defence  on  a  ship,  it  must  be  quite  apparent  to  anybody's  mind  that  you  must  carry  your  defence  on 
the  smallest  weight  you  can,  and  in  such  a  case  as  that,  you  have  no  right  to  estimate  the  floor  plate, 
the  backing,  and  the  arrangement  of  it  altogether,  which  amounted  in  this  case  to  a  very  serious 
item,  I  think  not  much  less  than  12  or  14  tons.  You  add  that  to  the  weight  of  the  shield  on  land, 
but  not  to  Hughes'  system  at  sea,  because  you  make  the  ship  a  part  of  the  structure.  I  do  not  know 
whether  Mr.  Hughes  has  the  model  of  his  original  turret  here,  but  here  is  one  that  will  answer  mypurpose. 
This  is  the  face  plate  of  the  shield  shot  at  on  that  occasion.    Here  is  a  model  of  the  shield  ordered 

This  correction  vvaB  made  by  Sir  Spencer  Robinson  before  his  paper  was  printed. 
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by  the  Royal  Engineers,  with  one  portion  covered  by  an  armour-plate  of  6  inches  :  another  portion 
by  a  9-inch  plate  :  and  a  third  portion  in  which  part  of  the  G-inch  plate  is  covered  by  three  thick- 
nesses of  1-inch  plate.    Mr.  Hughes'  proposition  which  he  sent  in  a  design  for  in  18C5,  three  years 
before  the  Royal  Engineers'  shield  was  known  or  fired  at — three  years  before  his  own  shield  was 
fired  at — that  shield  which  he  sent  in  the  original  contract  for,  had  a  uniform  face  plate  of  8  inches, 
and  a  hollow  stringer  backing  of  7  inches.    I  need  not  stop  to  point  out  the  superior  value 
of  that  design  over  an  experimental  shield  of  this  kind.    If  you  will  take  the  resistance  of  an 
armour-plate  against  shot  as  the  square  of  its  thickness — the  rule  which  I  still  maintain  is  the  right 
oije  with  regard  to  armour-plates  properly  rolled — you  would  have  for  the  8  inches  a  resistance  of 
64,  whereas  you  would  have  for  the  6  inches  a  resistance  of  36.    Over  that  portion  in  which  the  useless 
dead  weight  of  three  single  inches  of  iron  is  put  on,  there  is,  according  to  the  law  of  resistance,  an 
increase  of  only  3,  which  would  make  the  resistance  there  only  39,  so  that  we  have  all  the  weight  of 
a  9-inch  plate  there  without  its  value  as  a  defence.    Therefore  we  have  an  experimental  structure 
built  up  here,  in  which  masses  of  iron  are  put,  useless  to  it  as  a  defence,  for  the  purpose  of  enabling 
the  Government  to  get  as  large  a  number  of  experiments  as  they  could  out  of  the  same  shield.  But 
if  you  take  Mr.  Hughes'  design  and  make  his  target  as  a  homogeneous   structure,  such  as 
the  Gibraltar  shield  was  on  that  occasion,  then  you  would  put  Mr.  Hughes'  shield  of  8  inches  with  7 
inches  of  backing  against  the  Royal  Engineers'  shield  of  5  inches  on  5  inches  of  iron  plate — properly 
speaking  5h  inches  on  5^ — (altogether  there  were  12  inches  of  iron)  representing  a  definite  sj'stem. 
The  Gibraltar  shield  has  been  abused,  and  called  worthless,  when  it  was  not  so.    Properly  con- 
structed, it  represented  a  definite  system,  that  is,  plate  upon  plate,  a  system  which  has  been  proved 
from  the  first  and  up  to  the  present  time  to  be  valueless  as  a  defence  against  artillery.  I  do  not  know 
whether  this  audience  properly  understands  what  Mr.  Hughes'  system  of  armour"  backing  consists  of. 
It  is  in  the  ordinary  acceptance  of  the  term  a  bridge  rail,  rolled  in  such  a  way,  that  when  it  is 
riveted  up  to  the  skin  plate  it  forms  a  box-girder  ;  and  everybody  knows  that  the  box-girder  is  the 
strongest  form  in  which  iron  can  be  put,  and  at  the  same  time  is  the  lightest.    The  real  question  is 
one  which  I  should  have  thought  ought  to  have  been  determined  long  enough  ago,  and  one  which 
official  minds  ought  to  be  thoroughly  acquainted  with,  whether  that  form  of  the  hollow  stringer  does  or 
does  not  represent  the  resistance  of  certain  thicknesses  of  plate.    Mr.  Hughes  took  such  means  as  a 
manufacturer  had  at  his  command  to  show  that  it  did  represent  the  resistance  of  a  definite  amoimtof 
armour.    He  took  a  strip  of  armour-plate  of  the  same  breadth  as  his  stringer,  and  found  by  a  weight 
of  1,500  lbs.  let  fall  15  feet  upon  this,  that  the  permanent  deflection  was  |  of  an  inch  in  the  hollow 
stringer,  and  f  of  an  inch  in  the  armour-plate.    If  that  experiment  is  worth  anything,  it  shows  once 
and  for  all  that  a  7-inch  hollow  stringer  is  equal  in  resistance  to  a  6-inch  armour  plate.    I  should  be 
the  last  man  in  the  world,  and  I  do  not  think  Mr.  Barnaby  would  charge  me  with  the  idea  of  putting 
a  Millwall  shield  in  the  turret  or  on  the  broadside  of  a  ship.    But  see  what  Mr.  Hughes  does  with  regard 
to  his  naval  construction.    He  makes  his  inner  series  of  vertical  stringers,  by  riveting  knees  to  every 
second  or  third  stringer,  constitute  the  frame  of  the  ship.    Then  the  skin  plate  is  riveted  on.    That  is 
his  first  line  of  defence.    Then  he  rivets  the  outer  set  of  horizontal  stringers  to  the  outside  of  the  skin 
of  the  ship.    That  is  his  second  line  of  defence.    So  that  we  get  14  inches  of  hollow  stringer  backing 
to  support  the  amount  of  armour  you  want  to  put  on  it.    Mr.  Hughes  does  not  say  he  wants  steel  or 
iron  armour.    If  you  take  steel,  so  much  the  better  for  his  system,  because  steel,  if  it  does  by  its 
hardness  resist  the  shot  and  keep  it  out,  remains  perfect.   But  if  it  does  not  succeed  it  is  broken  up 
and  disrupted.    There  is  a  passage,  and  a  very  remarkable  one,  in  Mr.  Barnaby's  Paper,  which  struck 
me  with  very  great  sm-prise.    He  is  speaking  about  the  shots  fired  against  Cammell's  compound  steel- 
faced  plate,  and  he  says,  "The  first  shot  penetrated  8  inches  and  broke  ofl'  the  lower  corner  of  the 
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plate,  exposing  the  backing,  and  therefore  breaking  down  the  defence."  Now  with  the  Hughes'  system, 
if  you  had  exposed  the  backing,  you  would  not  have  broken  down  the  defence,  beca  e  you  would 
have  had  the  two  series  of  7-inch  stringers  still  remaining  as  a  defence  equal  to  an  armovu'-  plate  of 
12  inches  of  iron.  I  say,  if  you  take  into  consideration  the  other  fact  mentioned,  that  we  may 
possibly  have,  and  certainly  could  have  if  we  liked,  a  large  shell  carrying  an  explosive  charge  to  burst 
within  the  backing,  you  would  then  have,  if  your  armour-plate  was  blown  off,  a  backing  of  great  value, 
on  Mr.  Hughes'  plan,  instead  of  a  backing  of  so  much  timber,  altogether  valueless,  as  in  the  Admiralty 
mode  of  construction.  Now,  again,  with  regard  to  the  question  of  weight  on  board  a  ship,  which  is  an 
important  point.  The  Hughes'  system  allows  the  naval  architect  to  dispense  with  the  ordinary 
frame  of  the  ship,  because  taking  either  the  alternate,  or  the  third,  or  any  other  intermediate  hollow 
stringer  of  the  inside  series  of  the  ship,  by  putting  knees  to  these,  in  the  very  neat  and  admirable 
manner  which  Mr.  Hughes  has  devised,  you  then  make  the  backing  itself,  as  I  have  said,  the  actual 
frame  of  the  ship,  and  save  all  the  weight  of  the  ordinary  framing.  I  say,  therefore,  that 
undoubtedly  no  other  system  of  backing  does  give  so  much  lightness,  I  say  also  it  is  unfair  to  make 
the  statement  that  the  Millwall  shield  is  960  lbs.  to  the  square  foot,  when  a  target  of  those  dimensions 
properly  constructed  for  land  forts  and  estimated  in  the  usual  way  would  not  be  more  than  645  lbs. 
I  should  like  to  say  one  thing  with  regard  to  the  plate  upon  plate  system  of  the  Gibraltar  shield, 
which  was  the  competitor  with  Mr.  Hughes'  shield  in  1868.  Taking  the  Millwall  shield  as  having  9 
inches  of  iron,  the  Gibraltar  had  12  inches  of  iron,  nevertheless  in  two  shots  the  vibrations  against 
that  shield  were  so  great  that  no  less  than  14  of  the  through  bolts  were  broken  off  and  sheared,  and 
the  gun  practice  was  discontinued,  as  the  third  or  fourth  shot  would  have  disintegrated  the  target 
entirely  through  the  vibration.  Then  the  Gibraltar  shield  was  repaired  and  shot  at  again.  You  must 
remember  in  those  days  the  9-inch  gun,  carrying  a  shot  of  250  lbs.  weight,  was  the  heaviest  gun  we  had 
practically,  or  at  least  that  was  the  gun  the  shields  were  intended  to  encounter.  After  the  Gibraltar 
shield  had  been  strengthened,  had  had  new  bolts,  and  had  been  set  up  again,  the  first  Palliser  250 
lbs.  shot  which  struck  it  perforated  the  shield  entirely,  and  blew  strips  of  the  armour-plating  back 
into  a  curve,  as  is  represented  very  well  indeed  in  the  official  report  on  the  trials.  I  think  if  any 
gentleman  will  look  at  the  photograph  of  the  effect  of  that  shot  he  will  comprehend  clearly  what  is  the 
value  of  the  plate  upon  plate  system.  I  will  also  point  out  another  very  serious  item,  to  my  mind, 
with  regard  to  the  use  of  the  Hughes'  system  on  board  ship  ;  and  it  is,  that  the  hollow  stringer  girders 
being  filled  with  teak,  the  cushion  of  wood  just  gives  so  much  resistance  and  so  much  elasticity  to  the 
backing,  that  the  armour-plate  vibrations  which  would  be  caused  by  the  contact  are  prevented.  Again, 
in  the  wood  backing  which  exists  behind  these  armour-plates  in  the  present  Admiralty  mode  of  con- 
struction, a  shell  bursting  there  would  set  fire  to  that  teak  backing,  and  the  space  between  the  skin 
of  the  ship  and  the  armour  would  become  a  regular  furnace  :  by  the  slightest  indraft  through  the  shot 
hole  the  wood  is  blown  into  flame,  and  the  ignition  of  a  large  portion  of  that  wood  backing  is  inevitable. 
In  no  case  where  shots  have  been  fired — and  I  have  seen  a  number  of  shots  fired  at  Shoeburyness — has 
anything  like  a  breeze  existed,  but  the  backing  of  the  targets  has  ignited,  and  has  had  to  be  put  out. 
In  Mr.  Hughes'  system  the  fire  would  be  limited  to  the  teak  filling  of  the  one  particular  line 
of  hollow  stringer  affected  ;  but  I  do  not  wish  to  take  up  any  more  of  your  time  on  this  occasion.  I 
think  I  have  said  quite  enough  to  defend  Mr.  Hughes'  system,  in  which  I  have  long  felt  the  greatest 
interest ;  and  certainly  I  am  at  a  loss  to  conceive  how  it  is  that  nobody  seems  to  know  what  the  value 
of  this  system  is,  though  it  was  so  fully  and  so  publicly  demonstrated  in  the  year  1868. 

Mr.  J.  Scott  Russell,  P.R.S.,  V.P. :  Mr.  Chairman  and  gentlemen;  I  am  sure  I  expi-ess  the 
feelings  of  nearly  all  the  practical  men  present  at  this  meeting,  when  I  say  that  we  are  extremely 
indebted  to  the  Admiral  for  having  given  us  in  a  short  summary,  the  sum  total  of  all  the  results  derived 
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from  his  lifetime  of  pi-tactical  experience  on  the  subject ;  and  we  arc  extremely  indebted  to  Mr. 
Barnaby  for  giving  us  the  results  of  his  official  experience.  The  summary  of  their  opinions,  upon 
these  two  points,  I  think  forms  one  of  the  most  valuable  contributions  to  our  Transactions.  In  this 
discussion,  and  in  those  papers,  the  three  points  that  appear  to  mo  to  be  raised,  and  are  of  the  greatest 
importance,  are  the  following.  The  subject  of  steel  for  armour  is  inevitably  introduced,  and  must  be 
introduced  into  any  discussion  of  this  kind  at  this  moment.  The  relative  question  as  between  steel 
and  iron  plates  is  inevitably  introduced  ;  and  the  third  point  is  one  to  which  I  have  always  called 
great  attention,  but  which  has  not  always,  I  think,  been  considered  sufficiently  important  or  yet 
discussed  in  these  meetings,  which  is  the  clement  of  structure  of  the  ship  as  comi)ared  with  armour. 
Now  in  the  point  raised  last,  namely  the  advantage  of  those  hollow  girders  with  wood  as  a  backing  to 
the  armour,  the  one  obvious  point  which  I  see,  but  which  has  not  been  I  think  much  alluded  to,  is 
this,  that  supposing  a  new  ship  to  be  built,  and  wisely  designed,  all  this  portion,  whatever  may  be  its 
value  in  resisting  shot — all  these  additional  strengthening  girders  introduced  in  the  diagrams  before 
us,  might  be  so  utilised  as  to  form  integral  parts  of  the  structure  of  the  ship  ;  and  therefore  their 
strength  would  be  added  to  the  ship,  as  well  as  added  to  the  armour.  I  think  that  is  a  point  of  great 
importance.  Perhaps  like  Mr.  Hughes,  who  thinks  his  shield  was  the  best  possible,  I  might  be 
expected  to  state  that  my  shield  was  the  best  possible,  only  I  am  afraid  that  we  should  all  be  of  an 
unanimous  opinion,  and  that  every  other  fellow  would  say,  my  shield  was  also  the  best.  Therefore 
we  will  not  argue  that  point,  but  I  will  merely  call  attention  to  this,  that  I  consider  Mr.  Hughes' 
shield  better  than  mine,  and  the  reason  is,  that  whereas  I  did  utilise  a  great  number  of  longitudinal 
stringers  in  between  the  plates,  for  the  purpose  of  incorjjorating  the  strength  of  the  ship  and  the 
strength  of  the  plates,  and  making  them  both  help  each  other  in  their  respective  work ;  Mr.  Hughes, 
I  think,  goes  much  further  with  that  principle.  If  I  were  building  a  new  iron  war-shij)  I  think  I 
should  be  very  much  disposed  to  incorporate  these  girders  of  his  in  a  twofold  structure  as  part  of  the 
ship  and  as  part  of  the  backing,  and  that  therefore,  instead  of  adding  them  all  to  the  cost  and  weight  of  the 
armour,  we  should  divide  it  between  the  armour  and  the  ship.  Now  there  is  another  point  which 
has  not  been  alluded  to  ;  and  here  again  I  am  obliged  to  go  back  to  old  experience — as  far  back  as 
the  Warrior  class,  for  example.  A  great  deal  has  been  said  to-day  about  the  advantages  and 
disadvantages  of  this  mere  backing  of  wood,  but  it  does  appear  to  me  that  what  has  been  discussed 
to-day  gives  us  a  very  fine  opening.  The  whole  six  ships  of  the  Warrior  class  were  constructed  with 
a  moderately  thin  armour  at  that  time,  and  a  very  thick  backing.  I  do  not  know  what  other  people 
thought,  but  I  intended  the  Warrior  class,  at  the  initiation  of  which  I  had  a  good  deal  to  do  with 
them,  to  have  a  second  coating  of  armom*  whenever  the  bore  of  the  guns  became  so  great  that  a 
second  coating  of  armour  was  wanted  ;  and  therefore,  it  appears  to  me,  in  order  to  make  the  Warrior 
class  efficient  ships  of  the  present  day,  you  have  only  to  remove  their  j)reseut  plates,  to  dig 
out  a  certain  quantity  of  the  thickness  of  the  wood,  put  in  a  whole  series  of  these  stringers,  as 
they  have  now  been  described,  along  with  wood  backing,  on  a  second  layer  of  plates,  and  you  will 
at  once  have  a  most  efficient  ship,  of  very  ancient  date,  but  almost  as  efficient  as  most  ships  of  the 
present  day.  It  appears  to  me  also  that  it  is  very  desirable  to  take  the  following  considerations  with 
us,  and  not  to  adopt  any  exclusive  system,  in  the  following  manner.  Steel  is  gradually  coming  forward. 
In  what  manner  ?  Not  in  hardness,  because  it  had  always  got  that  quality  ;  but  steel  is  gradually 
comhig  forward  in  acquiring  the  quality  of  toughness.  Now  I  think  in  oiu-  minds  we  should  distinguish 
very  accurately  between  what  mere  hardness  does  and  what  gentle  pliability  or  softness  does.  I  hke 
steel  very  Avell  as  an  outer  skin  for  hardness,  but  steel  has  an  abominable  quality  that  I  do  not  know 
if  you  have  studied  ;  it  has  this  abominable  quality,  that  a  thing  called  a  cone  in  the  inside  of  the  steel 
rushes  out  from  it  whenever  it  feels  concussion  on  the  outside,  and  this  cone  flies  away,  and  that  is 
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all  the  resistance  the  steel  can  offer ;  whereas  a  tough  material,  yielding  behind,  will  go  backwards 
along  with  the  shot  in  a  large  mass,  without  a  cone,  to  a  moderate  distance,  and  in  doing  so  will  give 
enormously  greater  resisting  power  than  this  small  conical  bulge  driven  out.  That  I  would  call 
your  attention  to.  Finally,  I  think  it  is  of  great  consequence  that  the  structure  should  gently  yield — 
not  in  the  way  of  breaking,  or  of  cracking,  or  of  splitting,  but  should  gently  yield  in  the  way,  if  you 
like,  of  being  dinged  in,  because  I  think  if  a  ship  came  out  of  a  naval  engagement  all  covered  with 
diuges  and  dimples,  but  not  with  cracks  and  holes,  you  would  agree  with  me  and  say  that  that  ship 
had  been  perfectly  successful,  whereas  those  that  were  split  and  open  you  would  say  had  been  defeated. 
I  believe,  therefore,  that  we  must  in  the  first  place  introduce  the  incori^oration  of  the  armour  and 
the  structure  of  the  ship  into  each  other.  Secondly,  I  think  we  must  get  for  om'  armour,  whether  you 
call  it  steel,  or  whether  you  call  it  iron,  as  plastic  and  yielding  a  substance  as  we  possibly  can,  and 
the  moment  your  steel  arrives  at  the  plastic  perfection  at  which  I  hope  it  will  arrive,  then,  if  you 
please,  we  will  call  our  armour-plates  not  iron,  but  steel.  At  i^resent  we  do  not  know  what  steel 
means,  and  do  not  know  what  iron  means ;  but  by  and  by  we  shall  know  exactly  when  to  use  the  one 
and  when  to  use  the  other.    I  think  that  is  all  I  have  to  say  on  the  subject. 

Mr.  J.  D'Aguilar  Samuda,  M.P.,  V.P.  :  My  Lord  and  gentlemen,  I  did  intend  to  say  a  few  words 
on  these  papers,  but  I  have  had  so  short  a  time,  in  common  with  everybody  else,  to  look  into  these 
elaborate  statements,  that  it  is  quite  impossible  that  justice  can  be  done  to  them  on  the  present 
occasion  ;  and  I  hope  in  any  observation  which  I  make  that  will  be  taken  into  account.  I  must 
confess  there  are  two  things  which  strike  me  very  much  in  the  consideration  of  these  two  papers. 
First,  in  Sir  Spencer  Kobinson's  paper  I  notice  the  comparison  is  drawn  between  the  corres- 
ponding amount  of  weight  of  solid  armour  in  the  one  case,  and  of  backed-up  armour  with  these 
bridge  rails  in  the  other ;  and  that  a  conclusion  is  draAvn  favourably  to  the  latter  construction. 
Without  going  into  the  detail,  as  it  has  been  criticised  by  Mr.  Barnaby,  I  would  refer  to  this 
criticism  to  show  the  difficulty  that  one  has  in  dealing  with  these  matters  upon  the  spur  of  the  moment. 
Then  in  that  able  defence  which  was  made  for  Mr.  Hughes'  plan  by  Mr.  Mackie,  as  I  understood  him, 
although  he  advocated  the  great  goodness  which  it  contained,  he  threw  it  overboard  altogether,  and 
said  he  would  not  for  one  moment  think  of  introducing  it  into  the  armour  of  a  ship  ;  and  therefore 
we  have  these  difficult  matters  to  reconcile  between  the  advocates  of  the  system ;  one  proposing  it 
as  being  superior  to  everything  which  has  gone  before,  the  other  throwing  it  overboard  as 
being  totally  unsuitable  to  introduce  into  a  ship. 

Mr.  Mackie  :  I  think  I  ought  to  explain  what  Mr.  Samuda  seems  to  have  noticed.  Perhaps  I 
did  not  make  myself  clear,  speaking  so  rapidly  as  I  did,  and  it  was  not  likely  that  I  should  think  of 
everything  at  the  moment.  But  what  I  intended  to  have  said  was  that  I  did  not  propose  to  put 
such  a  Millwall  shield  on  board  a  ship  as  was  shot  at  in  1868,  not  that  I  did  not  approve  of  Mr. 
Hughes'  system  of  construction  for  ships.  The  ]\Iillwall  shield  of  1868  was  strengthened  by  order  of 
the  Eoyal  Engineers  by  putting  several  12-inch  girders  behind  it,  which  was  very  much  like  strength- 
ening a  soldier  by  putting  an  additional  knapsack  on  his  bact.  Such  a  mode  of  strengthening  added 
greatly  to  the  weight  without  adding  greatly  to  the  resistance  to  penetration  by  shot :  it  had 
this  value  in  a  land  fort,  that  more  weight  tends  to  keep  a  shield  in  position  in  an  embrasure.  We 
do  not  need  this  weight  in  naval  construction  because  the  ship  itself  is  part  of  the  entire  structure. 
I  did  not  say  that  the  hollow  stringer  backing  was  not  suitable  for  ships.  Mr.  Hughes'  original  shield  was 
composed  of  an  8-inch  plate  with  a  7-inch  backing,  and  such  a  structure,  worked  in  as  it  would  be,  as 
an  integral  part  of  the  hull,  I  consider  quite  suitable  :  and  the  strongest  and  lightest  of  any  system 
3'et  brought  forward. 

Mr.  J.  D'Aguilar  Samuda  :  I  do  not  wish  to  go  very  minutely  into  these  matters.    Again,  I  did 


ARMOUR  FOR  SHIPS. 


89 


not  gather  that  that  which  was  being  advocated  had  been  really  submitted  to  the  practical  test  of 
being  fired  at,  to  enable  us  to  deal  with  the  matter  from  a  practical  point  of  view.  I  must  confess 
my  own  impression  is  very  strongly  against  the  supposition  that  a  mixture  of  the  bridge-rail 
backing  can  be  equal  to  that  of  the  solid  armour.  It  may  be  a  prejudiced  view  I  possess,  but  it  is 
within  the  recollection  of  many  who  are  at  the  Admiralty,  that  so  far  back  as  quite  the  early  days 
of  armour-plating,  I  myself  submitted  to  the  Admiralty  a  plan  of  making  the  construction  of  a  ship 
the  armour  itself,  because  I  always  held  the  view  (which  I  believe  has  been  pretty  generally  assented 
to  in  this  room)  that  the  general  result  of  the  firing,  with  equally  good  plates,  was  to  show  the  resist- 
ance to  be  as  the  square  of  the  depth  of  the  plates,  and  consequently  all  this  building  up  arrangement 
I  looked  upon  as  being  to  a  great  degree  waste  of  material.  But  the  most  interesting  matter  we 
have  to  deal  with  is  to  be  gathered  from  the  change  of  material  that  is  dealt  with  in  Mr.  Barnaby's 
paper.  That  is  something  very  importantly  different.  We  are  passing  through  a  complete  crisis 
with  regard  to  the  manufacture  of  iron  ;  we  are  absolutely  abandoning  iron  as  fast  as  it  can  be 
done  practically  and  with  certainty,  and  exchanging  it  for  steel — not  in  one  matter  only,  but  in  every 
matter.  Now  I  have  no  experience  myself  with  regard  to  the  results  which  have  been  obtained 
in  armour,  that  is,  the  armour  immediately  before  us  on  the  present  occasion,  but  no  one 
can  read  this  paper  of  Mr.  Barnaby's,  which  deals  with  actual  experiments  made,  without  seeing 
that  the  foundation  is  there  laid  for  encouraging,  still  more  than  has  hitherto  been  done,  the  substitution 
of  steel  for  iron  in  the  armour  of  our  vessels.  The  only  paragraph  I  would  refer  to  is  one  which 
shows  at  once  that  there  is  a  foundation  laid  to  go  upon  which  must  ultimately  result  in  getting 
more  or  less  very  considerable  advantage  from  going  in  that  direction.  The  paragraph  is  as  follows  : 
"At  Shoebury  a  blow  which  has  perforated  a  13-inch  iron  plate  has  been  delivered  three  times  at  a 
10-inch  compound  plate  6  feet  square,  without  any  one  of  the  three  getting  through  the  plate."  Now 
the  difference  between  a  10-inch  plate  and  a  13-inch  plate  is  practically  that  you  are  firing  in  the  one 
case  at  a  mass  represented  by  100,  and  in  the  other  by  169- — that  is,  according  to  my  own  notion  of  it— 
and  yet  the  difference  has  been  very  considerably  in  favom-  of  the  thinner  plate.  That  points  out  to 
you  that  whatever  alterations  we  now  require  to  make  with  regard  to  the  enormous  increase  of  the 
force  of  guns  which  we  have  to  deal  with,  that  that  is  and  must  be  the  direction  in  which  our  attention 
must  be  turned.  I  really  think  that  whatever  good  may  arise  with  regard  to  the  advantage  of  the 
structure,  as  Mr.  Scott  Eussell  has  pointed  out,  the  structure  of  the  bridge  rail  may  be  substituted  to 
some  extent,  probably  to  a  great  extent,  in  the  construction  of  the  ship,  in  substitution  for  the  usual 
description  of  frames  which  are  put  there  ;  but  yet  you  cannot  disregard — and  in  that  I  think  I  differ 
with  Mr.  Scott  Eussell — the  bridge  rail  as  being  no  part  of  the  armour,  and  as  forming  the  construction 
of  the  ship  ;  the  moment  you  put  it  in  such  quantities  beyond  that  which  is  necessary  for  the  con- 
struction of  the  ship  as  really  represents  an  additional  weight  carried  to  represent  the  armour  of  the 
ship  

Mr.  Scott  Eussell  :  Half  and  half. 

Mr.  Samuda  :  Under  those  circumstances  it  does  appear  to  me  that  every  form,  no  matter  how 
satisfactorily  arranged,  is  an  inferior  form  with  reference  to  that  which  can  be  obtained  by  solidity ; 
therefore  I  cannot  think  that  the  investigation  of  this  matter  will  turn  out  as  favourabl}-  as  its 
advocates  conceive.  I  do  not  like  sitting  down  without  making  reference  to  the  5-inch  plate  which 
was  referred  to  by  Mr.  Barnaby,  which  I  understood  to  consist  of  a  number  of  small  hexagon  plates 
put  together  by  screws  which  entered  into  all  the  surrounding  plates.  Did  not  I  understand 
that? 

Mr.  Barnaby  :  A  solid  plate  with  screws  put  in. 

Mr.  Samuda  :  I  thought  the  screws  were  put  in  with  the  view  of  connecting  the  plates. 
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Mr.  Barnaby  :  I  should  explain  that  the  screws  were  put  in  with  the  view  of  limiting  cracking,  if 
there  should  be  any.    But,  as  a  matter  of  fact,  there  was  no  cracking. 

Mr.  Samuda  :  Then  I  must  have  misunderstood  it,  and  I  did  not  want  to  refer  to  it  in  that  view. 
My  object  in  referring  to  it  was  this,  that  I  always  conceived,  and  still  believe,  that  the  greatest 
difficulty  we  have  to  contend  Avith  in  armour  generally  is  the  probability  of  cracking  taking  place  from 
the  bolt-holes  ;  and  as  far  back,  I  think,  as  1862,  I  myself,  with  the  view  of  avoiding  that,  adopted 
something  very  similar  to  that  plan.  I  patented  it,  but  it  is  public  property,  as  it  is  beyond  the 
term  now.  By  that,  I  proposed  that  no  bolt-holes  whatever  should  be  made  in  the  plates,  but 
that  the  plates  should  be  connected  at  their  edges  one  to  the  other  by  screws  which  entered  half  into 
each  plate,  so  that  there  was  no  place  in  the  centre  of  the  plate  for  the  cracking  to  start  from.  That 
does  appear  to  me,  to  some  extent,  what  was  intended  in  this  plate.  I  fancied  I  gathered  from 
Sir  Joseph  Whitworth's  explanations  to  me  personally  that  one  object  he  had  in  view  was  to  put  the 
plates  together — which  were  octagonal  in  form— with  steel  screws  screwed  into  the  junction  of  them, 
and  thus  increase  the  resisting  power  of  the  armour,  and  also  to  prevent  the  necessity  of  having  bolt- 
holes  in  them.  That  was  a  mixture  of  plates  put  together  in  this  way.  I  am  sm-e  that  we  must  all  feel 
greatly  indebted  to  both  of  these  gentlemen  for  the  papers  they  have  put  before  us.  I  think  they  are 
papers  which  will  be  extremely  valuable  to  us  as  forming  part  of  our  Transactions.  I  feel  that  I  have 
been  able  very  imperfectly  to  deal  with  the  subject,  from  not  having  had  the  opportunity  of  studying 
it  before. 

Captain  Brown  :  With  reference  to  the  second  experiment  mentioned  of  Sir  Joseph  Whitworth's 
circular  shield,  on  page  32,  I  wish  to  ask,  was  the  projectile  that  was  employed  a  regular  service  9-inch 
chilled  projectile  ? 

Mr.  Barnaby  :  It  was,  but  it  was  planed  down  to  fit  Sir  Joseph  Whitworth's  gun. 
Captain  Brown  :  Made  hexagon  ? 

Mr.  Barnaby  :  Yes,  and  then  loaded  to  make  up  the  250  lb.  weight. 

Captain  Brown  :  If  you  look  at  that  plate  you  will  see  how  much  of  the  projectile  is  cut  away  ; 
Now  there  have  been  experiments  made  at  the  Royal  Arsenal  Laboratory,  showing  the  enormous 
additional  strength  the  outside  coating  gives  to  the  interior.  If  you  cut  away  the  w4iole 
of  the  outside  and  then  fire  it,  it  certainly  is  not  in  the  same  condition  it  was  in  when  originally 
cast.  It  is  hardly  fair  to  treat  it  in  that  extremely  cruel  way.  There  is  a  good  deal  even  of  the 
chilled  part  cut  away.  You  call  its  original  weight  250  lbs.,  but  if  you  cut  the  outside  part  away, 
and  then  add  loose  weight  to  it,  and  fire  it  in  that  extraordinary  and  crippled  condition,  and  then 
exhibit  its  remains  in  a  glass  case,  I  think  it  is  very  hard  on  the  chilled  projectile.  I  do  not  believe 
chilled  projectiles  are  as  good  as  steel  ones  recently  made,  but  I  wish  them  to  get  fair  play.  Now, 
let  me  say  one  thing  to  show  that  I  do  not  wish  to  be  unfair  to  the  steel  projectile.  I  believe  that  it  has 
hardly  had  justice  done  to  it  in  the  case  of  that  9-incli  projectile,  which  was  fired  three  times.  I 
understood  Mr.  Barnaby  to  say  it  was  fired  three  times  at  a  9-inch  plate,  and  the  third  time  with  a 
charge  of  gun-cotton.  I  believe,  however,  the  plates  which  were  fired  at  the  first  two  times  were 
l^-inch  2^lcites.    Are  we  to  understand  that  the  third  was  a  9-inch  ijlate  ? 

Mr.  Barnaby  :  So  I  am  told. 

Captain  Brown  :  I  believe  I  saw  the  steel  projectile  of  Sir  Joseph's  after  it  had  gone  twice  through 
a  I'i-inch  plate,  so  that  it  was  fired  thcthird  time  through  a  9-inch  plate  carrying  a  gun-cotton  charge. 
I  am  anxious  to  see  justice  done  to  that — but  it  is  right  to  point  out  that  I  do  not  think  that  the  cut- 
down  shot  in  the  Whitworth  trial  represents  the  chilled  projectile  at  all. 

Mr.  Barnaby  :  It.  is  my  duty  to  defend  the  use  of  that  projectile.  The  reason  why  the  Woolwich 
projectile  was  taken  for  the  purpose  was,  that  it  might  have  been  said  Sir  Joseph  Whitworth,  having 


AEMOUE  FOR  SHIPS. 


41 


made  his  own,  bad  purposely  taken  bad  cast-iron.  His  wish  was  that  he  might  have  a  thoroughly 
well-made,  chilled  cast-iron  projectile. 

The  Prksidknt  :  You  will  have  a  reply,  Mr.  Barnaby. 

Admiral  Sklwyn  :  I  wish  to  ask  for  a  few  moments'  attention  from  the  audience  to  speak  on  one 
or  two  points  in  connection  with  these  papers.  I  think  Sir  Spencer  Robinson  would  admit  that  a 
great  deal  of  his  paper  would  be  modified,  if  he  were  perfectly  certain  that  the  results  here  shown  with 
steel  could  be  continued  and  extended,  and  that  we  should  not  fu-st  have  to  discover  the  best  method 
of  arranging  steel  to  resist  a  blow,  and  the  quality  and  tempering  of  each  part  of  the  plate,  if  so  made 
of  steel,  before  we  begin  to  decide  either  on  the  backing  or  on  the  form  of  support  behind  the  plate  in 
any  way  whatever.  It  is  quite  clear  tliat  as  yet  we  have  only  advanced  a  very  small  way  with  steel. 
We  have  consented  to  try  steel  instead  of  iron,  that  is  to  say,  to  try  a  good  iron  instead  of  a  bad  iron  (it 
does  not  amount  to  much  more  than  that),  and  we  have  not  yet  defined  what  is  the  difference  between 
steel  in  the  molecular  state — the  crystalline  state,  something  resembling  cast-iron  of  a  better  material ^ 
behind  a  thin  sheet  of  properly  tempered  steel  in  the  face  (and  I  believe  the  thinner  that  may  be,  the 
better  it  will  be  foimd  to  act),  as  in  the  anvil,  keeping  together  this  crystalline  plate  by  a  proper 
skin  surrounding  the  whole  plate,  not  alone  on  the  face,  approaching  to  the  qualities  of  best  tough 
wrought-iron.  Those  are  the  conditions  under  which  the  anvil  resists  blows,  and  the  reason  why  is 
not  difiicult  to  see.  The  cone  of  dispersion  which  Mr,  Scott  Eussell  speaks  of,  I,  on  the  contrary, 
venture  to  regard  as  one  of  the  reasons  why  a  blow  struck  on  the  face  of  any  resisting  structure  is 
absorbed  and  distributed.  I  say  that  there  are  two  ways  of  distributing  and  absorbing  that  force  ;  the 
one,  when,  having  a  soft  plate  and  a  moderately  resisting  backing,  you  distribute  waves  of  pressm-e  in 
the  soft  plate,  and  you  crush  up  the  atoms  of  the  wood  backing,  in  which  case  you  slowly  absorb  the 
pressure ;  the  other,  in  which  the  blow  received  on  an  elastic  and  perfectly  hardened  surface  distri- 
butes through  the  molecules  of  the  steel  itself  a  cone  of  dispersion  so  much  larger  in  diameter  at 
its  base,  as  to  distribute  again  to  whatever  may  be  behind,  over  a  still  lai'ger  surface,  the  blow  received. 
Those  are  the  two  methods  in  which  I  can  conceive  force  so  applied  can  be  distributed  and  absorbed. 
But  it  is  found  that  when  we  desire  to  resist  blows,  that  a  hard  external  surface,  provided  we  have  a 
perfect  material  like  steel,  is  the  best  mode,  and  that  it  leads,  under  certain  conditions,  to  the  breaking 
up  of  all  projectiles.  No  increase  of  velocity,  leading  to  a  corresponding  increase  of  force,  would 
have  much  value  unless  with  it  we  were  able  to  get  a  material  in  the  projectiles  so  far  superior  to 
what  we  now  have,  as  that  that  force  could  be  safely  applied  to  such  resisting  surface  without  the 
breaking  up  of  the  i^rojectile  itself.  Now  the  recent  experiments,  referred  to  by  Mr.  Barnaby,  show 
that  we  have  reached  that  limit  with  steel  already,  that  in  certain  instances  the  projectile  is  imableto 
do  anything  in  the  way  of  penetration,  and  its  whole  blow  is  absorbed  in  breaking  up  itself.  This  is 
a  most  important  advance,  and  will,  no  doubt,  lead  to  the  reconsideration  of  the  whole  of  the  struc- 
ture. I  think,  as  I  long  ago  said  in  this  room,  if  we  followed  the  conditions  under  which  the  an^il 
resists,  changing  our  material  according  to  our  modern  lights,  we  shall  arrive  at  the  best  resisting  armour. 
That  the  structure  behind  it  ought  to  form  part  of  the  general  structure  of  the  ship,  I  think  is 
sufficiently  obvious  to  have  long  ago  received  fall  acceptance.  That  the  part  of  the  general  resistance 
which  it  is  desirable  to  obtain  from  coals,  as  well  in  ironclads  as  in  the  vessel  on  the  wall,  the  Hecla, 
can  be  obtained,  is  also,  I  think,  sufficiently  obvious.  We  have  to  make  yet  another  advance,  that  is,  to 
diminish  the  surface  of  the  target,  which  we  think  ought  to  be  as  low  as  possible.  That  I  propose 
to  talk  of  afterwards,  and  I  Avill  only  further  say  I  think  the  profession  to  which  I  belong  has  very 
great  reason  to  thank  the  gallant  admiral,  Sir  Spencer  Robinson,  for  the  compendious  way  in  which  he 
has  put  together  a  great  deal  of  information  on  what  has  passed,  and  also  thank  Mr.  Barnaby  for  the 
knowledge  we  have  authoritatively  received  of  the  results  of  modified  experiments  in  steel.    I  hope 
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that  tliey  will  be  carried  much  farther,  and  pursued  with  the  greatest  energy,  since  on  their  success 
or  failure  will  depend  the  whole  of  the  most  useful  changes  to  be  arrived  at  in  the  future  construction 
of  our  war- ships. 

Admiral  Sir  Spencer  Eobinson  :  Mr.  Chairman  and  gentlemen, — I  am  extremely  anxious  to 
have  two  or  three  minutes  of  your  attention  to  explain  the  circumstances  that  Mr.  Barnaby  stated 
with  extreme  kindness  and  consideration  for  me.  I  have  taken  the  greatest  possible  pains  (I  need 
not  say  that)  to  be  accurate  and  fair  in  everything  I  have  stated.  I  should  be  ashamed  to  stand 
before  any  gentlemen,  let  alone  before  such  an  audience  as  is  here,  if  I  had  not  taken  the  greatest 
possible  pains  to  assure  myself  of  every  fact  that  I  have  laid  before  you.  I  should  be  perfectly 
ashamed  of  myself  if,  for  an  instant,  I  were  capable  of  such  conduct,  and  I  think  every  gentleman  in 
this  room  with  whom  I  have  come  in  contact  will  be  ready  to  say  that  in  anything  I  have  stated, 
either  publicly  or  privately,  there  is  no  intentional  unfairness  whatever.  There  is  a  difference  of 
opinion,  and  a  very  considerable  difference  of  opinion,  as  to  the  weight  of  the  Millwall  target,  and 
that  bears  upon  my  argument  most  materially.  If  the  Millwall  system  of  backing  is,  as  1  suppose  it 
to  be,  stronger  with  the  same  weight  of  iron,  I  think  I  have  established  a  case,  if  not  for  the  use  of  the 
Millwall  system  of  backing,  at  least  for  inquiry.  But  if  I  have  been  wrong,  and  if  I  have  unfairly 
stated  the  weight  of  the  Millwall  target — understated  it — then  I  think  my  whole  argument  falls  to 
the  ground,  and  that  I  am  standing  before  you  in  a  very  unpleasant  position.  However,  I  think  I 
shall  be  able  to  show  you  most  satisfactorily  that  in  what  I  have  done  about  the  Millwall  target,  and 
in  the  weights  I  have  stated  as  the  weights  of  the  Millwall  target,  I  am  as  nearly  right  as  one  can  be 
upon  such  matters.  There  may  be,  I  daresay,  some  little  paring  away  here,  or  augmentation  there, 
but  it  is  impossible  that  one  can  be  perfectly  accurate  after  so  many  years  have  elapsed,  when  the 
drawings  and  weights  of  all  that  constituted  the  Millwall  shield  have  disappeared,  and  one  has  to 
trust  to  people's  memories.  I  only  claim  for  myself  an  approximate  degree  of  truth  in  what  I  have 
stated.  The  Millwall  target  was  supported  on  the  ground  in  the  strongest  manner  that  any  target 
was  ever  supported  on  the  ground,  in  the  strongest  manner  that  any  target  could  be  supported  ;  and 
in  taking  the  weights  of  the  Millwall  target,  I  took  them  entirely  independent  of  the  supports.  I  did 
so  with  the  Bellerophon,  and  I  did  so  with  the  Hercules,  and  I  did  so  with  every  target  whose  weights 
I  have  compared  before  you  to-day.  I  therefore  took  the  Millwall  target  without  its  supports.  But 
this  is  not  the  whole  of  the  case  ;  the  fact  is,  that  though  my  weights  are  strictly  and  literally  correct, 
if  I  take  so  many  inches  of  iron  plating,  so  many  inches  of  hollow  stringers,  and  so  much  wood,  my 
weights  are  as  correct  as  they  ever  can  be,  or  as  they  are  for  any  other  target,  because,  as  you  all 
know,  every  cubic  foot  of  wood  does  not  exactly  weigh  alike,  and  every  cubic  inch  of  iron 
does  not  exactly  weigh  alike.  Some  little  margin  must  be  allowed  for  that.  The  fact 
is,  I  have  taken  what  the  Committee  before  whom  the  Millwall  target  was  fired  and 
tried,  stated.  They  said  the  main  part  of  the  target  was  27  inches  thick,  and  that  another  part  of  the 
target,  near  where  the  port  hole  was  cut  through  which  the  shot  passed,  was  18  inches  thick,  and  I 
concluded  that  I  could  not  be  wrong  in  taking  for  the  weight  of  the  mainport  of  the  target  a  9-inch 
armour-plate,  backed  by  those  double  stringers,  one  vertical  and  the  other  horizontal— adding  together 
the  two  plates  which  formed  the  skin,  and  adding  to  that  the  covering  plate  which  goes  behind  the 
vertical  hollow  stringer  which  formed  the  frame  of  the  ship.  It  is  perfectly  true  I  was  aware  at  the 
time  I  made  that  calculation  that  this  target  had  the  very  strongest  sujiports,  but  I  am  not  in  the  habit, 
nor  do  I  believe  is  anybody,  in  reckoning  the  weight  of  a  target,  of  considering  its  support.  I  have 
this  to  say :  this  target  was  so  strongly  supported,  it  was  so  heavily  laden  with  iron  in  various  places, 
that  I  think  it  would  not  be  fair  to  say  that  my  conviction  is  that  the  whole  of  this  extra  weight  in 
support  was  thrown  away,  and  afforded  no  sort  of  support  to  the  resistance  of  the  projectiles.    I  think 
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it  would  not  be  fair  if  I  did  not  say  that  wlion  I  wrote  this  i)apcr  a  few  days '  af,'o,  I  had  not  in  my 
possession  a  Report  which  has  since  been  brought  to  my  notice  by  Mr.  Barnaby's  kindness.   I  had  gone 
to  the  War  Office,  and  I  had  made  every  possible  inquiry  on  this  subject,  and  I  had  been  assured  that 
there  was  no  paper  or  photograph  similar  to  that  which  Mr.  Barnaby  has  got  in  tliat  book,  and  which 
I  have  also,  but  unfortunately  have  left  at  home,  or  I  would  read  an  extract  or  two  from  it.  The 
truth  is,  I  have  found  at  the  very  last  moment  what  would  naturally  occur  to  the  mind  of  any 
impartial  person,  as  well  as  to  anybody  who  did  not  like  the  system  of  Hughes'  backing,  that  this 
immense  mass  of  weight,  although  not  contributing  to  the  essential  features  of  the  target,  and  though 
by  no  means  what  we  could  use  on  board  ship,  yet  might  from  its  massiveness,  and  tlie  way  it  was 
disposed  about  the  target,  have  contributed  indirect  support.    That  is  the  answer  which  I  have  to 
make — not  to  the  accusation,  because  Mr.  Barnaby  was  so  kind  and  considerate  as  not  to  make  any 
accusation  against  me,  but  to  the  idea  that  I  see  has  rather  prevailed  in  this  hall,  that  the  weights 
had  not  been  accurately  and  perfectly  stated.    I  thought  Mr.  Mackie  explained  the  circumstances 
particularly  well.    I  can  only  say  that  what  I  did  for  the  Bellcroplion  and  the  Hercules,  I  did  also  for 
the  Millwall  shield.    I  took  the  length  and  the  breadth  of  -  the  stringers,  I  took  all  the  weights,  and 
compared  them  with  the  weights  usually  allowed  for  those  things,  and  I  venture  to  maintain  that  for 
that  part  of  the  target  which  would  form  the  ship,  my  weights,  558  lbs.  per  superficial  foot  for  a  G-inch 
plate,  and  678  lbs.  per  superficial  foot  for  a  9-inch  plate,  are  perfectly  and  absolutely  correct.    At  the 
same  time  I  wish  you  all  to  understand  that  the  other  weights,  although  they  would  not  be  found  in  a 
ship,  in  my  opinion  contributed  something  to  the  resistance  the  target  offered  to  the  projectiles. 
There  is  one  other  point  which  I  would  refer  to.    I  do  not  presume  for  one  moment  to  discuss  Mr, 
Barnaby's  pa2:)er  ;  I  need  not  tell  you  that  the  length  of  time  we  worked  together  at  the  Admiralty 
made  me  thoroughly  believe  that  in  those  subjects  Mr.  Barnaby  has  probably  no  equal — no  one  is  so 
well  informed  as  himself,  and  no  one  is  more  likely  to  put  perfectly  reliable  results  before  you  on  these 
matters.    He  made  an  observation,  not  in  the  reading  of  his  paper,  which  I  do  not  discuss  and  which 
I  accept,  but  as  to  which  I  am  bound  to  say  one  word.    He  read  from  the  volume  of  the  professional 
papers  of  the  Royal  Engineers  a  paragraph  condemning  very  strongly  Mr.  Hughes'  backing.    The  case 
was,  that  an  8-incli  plate  against  a  2-inch  plate  was  tried  with  some  4|-inch  plate  and  some  of  Mr. 
Hughes'  backing,  and  some  Cammell  backing.    That  condemnation  does  not  affect  our  argument,  or 
what  we  have  brought  before  you  to-day,  the  least  bit  in  the  world.    I  venture  to  say  it  is  entirely 
beside  the  question,  because  Mr.  Hughes'  backing  was  never  tried  at  all.    If  you  tie  up  one  of  my 
legs,  and  then  tell  me  to  dance  a  hornpipe,  I  should  cut  a  very  poor  figm-e,  and  Mr.  Hughes'  leg  was 
tied  up  entirely  ;  that  is  to  say,  his  principle  being  a  principle  of  two  hollow  stringers  used  conjointly, 
one  vertical  and  the  other  horizontal,  only  one  was  used  against  a  backing  of  concrete,  and  the  vertical 
stringer,  in  conjunction  with  the  horizontal  stringer,  was  not  used  at  all.    Colonel  Inglis  is  a  very 
great  authority,  and  I  am  not  going  to  dispute  his  views,  especially  as  regards  fortification,  because 
probably  he  knows  more  about  that  than  va\j  man  in  England,  but  the  whole  argument  he  uses  is 
that  an  8-inch  plate  with  2-incli  backing,  put  one  in  contact  with  the  other,  and  tried  against  con- 
crete, is  the  finest  specimen  of  armouring  that  can  be  conceived.    I  might  appeal  with  confidence  to 
the  judgment  which  Mr.  Barnaby  would  form  if  anyone  proposed  to  him  to  put  an  8-inch  plate  before 
a  2-inch  plate  as  the  skin  of  the  ship,  and  then  to  fill  up  wdth  so  many  feet  of  concrete. 
A  Voice  :  Eight  feet  of  concrete. 

Admiral  Sir  Spencer  Robinson  :  I  want  to  know  whether  Mr.  Barnaby  would  accept  that  as  a 
proper  system  of  armoiu'-plating.  I  should  like  an  artillerist  to  say  a  word  or  two  about  that.  It 
may  be  right  to  use  concrete,  and  the  plate-upon-plate  system,  but  the  results  of  the  firing  which  I 
have  read  are  anything  but  encouraging  to  that  mode  of  proceeding.    It  may  be  right  to  do  that  on 
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shore,  but  I  maintain,  and  I  say  that  Mr.  Barnaby  would  agree  with  me,  that  it  is  not  a  system 
adapted  to  ships  at  all.  Then  various  remarks  were  made  by  various  speakers  on  the  subject  of  the 
longitudinal  stringer,  and  I  think  Mr.  Samuda  and  Mr.  Scott  Kussell  said  something  about 
incorporating  the  armour-plating  with  the  structm-e  of  the  ship.  That  is  practically  what  Mr. 
Hughes  has  done ;  and  it  is  so  obvious,  as  Admiral  Selwyn  has  said,  that  I  cannot  conceive  there 
should  be  anything  but  approval  of  such  a  system.  I  think  I  have  disposed  of  the  condemnatory 
report  of  Colonel  Inglis  as  to  Mr.  Hughes'  backing,  because  I  have  shown  distinctly  that  Mr. 
Hughes'  backing  was  never  tried ;  and,  therefore,  that  condemnation  must  fall  to  the  ground.  You 
would  not  for  one  moment  listen  to  me  if  I  were  presumptuous  or  rash  enough  to  talk  to  you  about 
the  qualities  of  steel,  because  there  are  gentlemen  in  this  room  who  know  as  much  as  can  be  known 
upon  the  subject,  and  whose  observation  is  daily  directed  to  the  progress  of  steel  manufacture,  and  to 
all  the  results  that  will  follow  the  production  of  steel.  I  hope  there  is  nothing  in  my  paper  which  led 
anybody  to  doubt  for  a  moment  that  I  appreciate  as  much  as  any  man  can  the  progress  we  are 
making  in  the  manufacture  of  iron  and  steel,  and  the  very  strong  hopes  I  have  that  we  should  succeed 
in  getting  all  that  we  want  from  it ;  but  if  I  made  any  reservation  at  all  in  that  m^itter  it  was  this, 
that  up  to  this  moment  we  are  not  in  a  position  to  say  positively  that  the  thing  will  succeed.  We 
may  hope  for  it,  we  may  look  for  it,  we  may  see  it  looming  in  the  near  future,  but  I  am  not  positively 
bound  to  say  that  we  will  not  take  a  system  of  backing  iron  plates,  or  will  not  consider  it,  or  will  not 
give  it  a  trial,  because  in  the  distant  future  there  looms  before  us  a  manufacture  of  steel  which  may 
render  all  backing  unnecessary.  All  I  ask  your  consideration  for  is  this  :  if  anything  has  been  said 
to  you  to-day  to  lead  you  to  believe  that  the  system  of  hollow  stringers  is  in  itself  a  support  to  armour- 
plating  better  than  the  system  of  wood,  and  that  sytsem  of  wood  strengthened  by  a  partial,  not  a 
complete,  adoption  of  the  very  system  of  rigid  backing  which  I  am  here  to-day  to  advocate — cellular 
backing,  at  any  rate — if  anything  has  been  said  to  induce  you  to  think  that  though  that  system  is  not 
perfect,  yet  still  something  may  be  done  for  it ;  I  only  ask  for  your  consideration.  I  want  the  ques- 
tion to  be  considered.  I  do  not  come  here  to  dogmatise,  or  to  say  that  this  is  right,  and  that 
everything  else  is  wrong ;  but  what  I  do  sa,j  is,  that  I  have  produced  before  you  reasons  for  the 
thorough  consideration  of  this  subject,  and  reasons  why  it  should  not  be  thrown  aside  into  the  waste- 
paper  basket,  as  so  many  things  of  this  kind  have  been  disposed  of  after  a  lapse  of  time.  I  only  ask 
your  consideration  of  the  subject.  I  was  going  to  say  a  word  about  Mr.  Barnaby's  paper,  but  I  will 
not.  I  have  listened  to  it  with  very  great  satisfaction,  and  very  great  delight.  There  is  only  one 
point  more,  about  the  turret  of  the  Devastation.  I  find  that  Mr.  Barnaby  is  of  opinion  that  I  over- 
stated the  weight  of  the  Devastation  turret,  because  I  put  more  teak  into  it.  I  ought  to  have  stated  the 
weight  of  the  Devastation  turret  as  containing  fifteen  inches  of  teak,  whereas  I  said  it  contained  seventeen 
inches.  I  refer  to  our  Transactions,  and  I  find  a  very  able  and  interesting  paper,  which  Mr.  Barnaby 
put  in  himself,  in  which  the  thickness  of  the  teak  was  given  as  seventeen  inches.  That  may  be  a 
printer's  error.  I  had  another  reason  also  for  it.  In  a  book  that  was  kindly  furnished  me  by  the 
Admiralty  it  was  stated  to  be  sixteen  to  eighteen  inches ;  I  took  that,  but  it  is  quite  true  that  I  have 
another  paper  in  wliich  it  is  only  put  down  as  fifteen  inches.  I  thought  in  the  course  of  building  the 
ship  those  two  or  three  inches  might  have  been  added.  I  am  only  explaining  Avhy  I  seem  to  have 
gone  counter  to  what  Mr.  Barnaby  thinks  the  absolute  facts  of  the  case.  I  have  to  thank  every 
gentleman  very  much  indeed  for  the  extreme  indulgence  and  great  kindness  which  have  been  shown  to 
me,  in  allowing  me  a  much  longer  time  than  I  had  a  right  to  in  reading  my  paper,  and  for  their 
extreme  patience  and  consideration  in  listening  to  my  paper. 

Admiral  Byder  :  Before  Mr.  Barnaby  replies,  may  I  ask  a  question  with  regard  to  one  of  the 
diagrams  ?  I  want  to  ask  whether  the  blow  on  that  steel  plate  is  represented  accurately  in  position 
in  the  drawing — is  it  exactly  or  almost  exactly  opposite  the  bolt  and  the  nut  ? 
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Mr.  Barnaby  :  In  answer  to  Admiral  Ryder's  question,  I  may  say  the  lorojectile  struck  on  tlio 
point  which  is  indicated  on  the  drawing  there,  upon  the  bolt,  or  just  upon  what  you  may  call 
the  bolt.  With  regard  to  the  thickness  of  the  turret  wall  of  the  Becaatalioa  to  which  I  referred, 
and  to  which  Sir  Spencer  Robinson  has  been  good  enough  to  refer  in  kind  terms  towards  myself,  I 
might  have  stated  that  the  thickness  of  the  backuig  was  eighteen  inches,  because  I  suppose  it  might 
have  been  intended  to  make  it  then  eighteen  inches,  but  as  a  matter  of  fact  it  was  made  fifteen  inches, 
and  the  skin  behind  it  was  not  one  and  a  half  inches  but  was  one  and  a  quarter.  In  Sir  Spencer 
Robinson's  paper  you  will  find  he  gives  the  thickness  of  the  shield  fired  at  at  Shoebui'yness  to 
represent  the  turret  Avail  of  the  Devastation,  and  he  stated  that  that  shield  would  represent  a  weight 
of  726  lbs.  That  is  a  small  point,  and  I  will  let  that  pass,  but  there  is  another  matter  to  which  Sir 
Spencer  Robinson  referred,  which  is  that  the  War  Office  authorities,  in  making  their  experiments  at 
Shoeburyness,  acted  unfairly  towards  Mr.  Hughes'  system.  The  drawing  which  is  given  here  shows 
that  what  they  were  anxious  to  do  was  to  place  upon  a  very  strong  wall  indeed,  fii'st  of  all,  a  plate  of 
two  inches  of  iron,  and  then  upon  that  to  try  three  different  plans  of  armour,  all  having  the  same 
weight  per  square  foot.  Upon  the  2-inch  plate  at  one  end  they  put  an  8-inch  plate  of  solid  u'on 
with  no  backing.  Next  they  put  the  channel  irons  and  a  reduced  thickness  of  armour,  making  it  per 
square  foot  exactly  the  same  as  before. 

Sir  Spencer  Robinson  :  My  lord,  I  rise  to  order.  With  your  permission  I  want  to  say 
something.  Mr.  Barnaby  began,  if  you  remember,  by  criticising  my  paper ;  I  have  replied  to  the 
criticisms  which  Mr.  Barnaby  made  on  my  paper,  and  he  is  now  going  over  my  reply,  and  criticising 
my  reply.  Now  I  only  ask  for  fair  play ;  one  does  not  like  to  leave  an  adversary  of  such  power  and 
weight  as  Mr.  Barnaby  unanswered ;  and  if  he  is  to  be  allowed  to  criticise  my  reply,  I  trust  that  I 
shall  be  allowed  to  criticise  his,  and  then  where  we  shall  end  I  do  not  know. 

The  President  :  I  confess  that  it  occurred  to  me  when  we  decided  to  take  these  two  papers  as 
one,  and  to  discuss  them  together,  that  possibly  this  difficulty  might  arise.  I  think  with  regard  to 
the  suggestion  which  Sir  Spencer  Robinson  has  just  offered,  it  might  be  extremely  difficult  to  say 
when  this  discussion  would  end.  If  they  are  to  go  on  criticising  each  other  one  after  the  other  it  will 
take  up  a  very  great  length  of  time.  I  think  I  shall  best  meet  what  I  believe  will  be  the  feelings  of 
the  meeting  if  I  suggest  to  Mr.  Barnaby  that  in  this  somewhat  unusual  mode  of  proceeding  the 
replies  should  not  tread  upon  each  other's  toes. 

Mr.  Barnaby  :  It  is  somewhat  difficult,  my  lord,  but  I  will  come  to  an  end  now  abruptly.  I 
should  like  to  ask  Mr.  Hughes  one  question,  and  that  is  this  :  in  the  Russian  ships  of  war  Mr. 
Hughes'  backing  is  employed  behind  the  armour.  Will  he  tell  us  whether  in  aU  those  ships  he 
employs  two  sets  of  his  hollow  girders  ?  I  understood  from  a  remark  that  Mr.  Mackie  made  just  now 
that  he  always  employed  two.    My  impression  was  that  that  was  not  quite  so. 

Mr.  Hughes  :  With  regard  to  the  Russian  ships  of  war  

The  President  :  I  think,  sir,  the  discussion  is  closed  now,  and  it  would  be  dangerous  to  have  any 
more  remarks  upon  it.  However,  before  we  part  with  these  two  papers,  I  cannot  helj)  saying 
something  which  I  am  sure  everyone  here  will  concur  in,  and  that  is,  that  whatever  may  be  our 
opinions  as  to  the  replies  or  criticisms  one  upon  the  other,  we  are  greatly  indebted  to  two  of  the  most 
competent  men  this  country  contains,  for  two  very  able  papers  on  subjects  of  the  deepest  interest  to 
the  whole  country.  I  am  sure  I  may  tender  your  cordial  thanks,  both  to  Sir  Spencer  Robinson  and 
Mr.  Barnaby,  for  the  able  contributions  they  have  made. 
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By  C.  W.  Merrifield,  Esq.,  F.K.S.,  Associate  Member  of  Council. 

[Read  at  the  Twentieth  Session  of  the  Institution  of  Naval  Architects,  3rd  April,  1879,  the  Eight  Hon. 
Lord  Hampton,  G.C.B.,  D.C.L.,  President,  in  the  Chair.] 


I  THINK  it  would  be  matter  of  regret  if  this  meeting  were  allowed  to  pass  over  without  any 
mention  being  made  of  naval  guns.  The  guns,  almost  more  than  anything  else  at  the  present 
moment,  determine  the  design  of  the  ships  of  war :  not  only  the  gun  which  is  to  be  carried, 
but  also  the  gun  which  is  to  be  met.  For  this  reason  I  have  ventured  to  bring  the  subject  before 
you,  although  I  would  much  rather  that  the  task  had  been  undertaken  by  some  practical 
artilleryman. 

The  naval  designer  is  concerned  with  the  gun,  which  he  has  to  provide  for  carrying,  under 
two  different  aspects  :  first,  as  regards  the  safety  and  efficiency  of  the  weapon  itself ;  secondly, 
as  regards  the  weight  and  the  space  to  be  provided,  as  a  consequence  of  its  adoption.  In 
both  aspects  the  English  heavy  ordnance  is,  I  think,  about  the  worst  in  the  world,  as  well  as 
highly  expensive,  having  regard  both  to  prime  cost  and  to  durability. 

The  guns,  and  consequently  the  ships,  have  been  sacrificed  to  two  conditions — muzzle- 
loading,  and  a  defective  system  of  rifling.  It  is  true,  that,  at  the  time  the  gun  rifled  on  the 
French  method  was  adopted  in  our  service,  there  was  no  system  of  breech-loading  which  could 
be  considered  as  reasonably  safe  for  large  guns,  but  that  has  long  since  ceased  to  be  the  case  ; 
and  even  at  that  time  I  believe  it  would  have  been  better  to  have  expended  a  little  inventive 
and  experimental  skill  in  endeavouring  to  produce  a  good  breech-loader,  rather  than  in 
wasting  labour  in  the  attempt  to  cover  and  conceal  the  defects  in  the  muzzle-loader  actually 
introduced  into  the  service. 

It  is  hardly  necessary  that  I  should  go  into  a  detailed  statement  of  the  advantages  of  a 
breech-loading  gun,  as  far  as  naval  design  is  concerned.  It  may  be  well,  however,  to  make  brief 
allusion  to  some  of  them.  First,  as  regards  the  amount  of  room  to  be  provided  in  a  turret  or 
casemate.  For  a  breech-loader,  all  that  need  absolutely  be  provided,  is  a  length  of  five  or  six  feet 
in  addition  to  the  length  of  the  gun,  measured  from  the  breech  to  a  few  inches  in  advance  of 
the  trunnions.  There  is  no  absolute  need  to  cover  the  chase.  In  a  muzzle-loader,  on  the 
contrary,  in  all  ships  which  have  hitherto  been  commissioned,  provision  has  been  made 
for  housing  the  whole  length  of  the  gun,  chase  and  all,  within  the  turret  or  case- 
mate, and  some  clearance  is  also  in  this  case  required  for  working  rammers  and 
sponges.    It  is  claimed  that  a  muzzle-loading  gun  is  less  comi)licated  than  a  breech-loader. 
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This  is  certainly  true  for  plain  cast-iron  guns,  such  as  the  old  smooth-bore  32-pounclers ;  but 
the  difference  in  a  great  measure  disappears  when  we  compare  built-up  guns,  such  as  are  now 
in  use.  When  the  gun  is  made  up  of  several  pieces,  the  question  is  simply  whether  one  or 
more  of  the  separate  pieces  shall  be  removable  or  irremovable.  On  the  other  hand,  it  is  quite 
certain  that  this  simplification  of  the  gun  is  purchased  at  an  enormous  cost ;  for  the  inconve- 
nience and  complication  of  all  the  fittings  and  surroundings  of  a  muzzle-loader  are  enormously 
in  excess  over  those  of  a  breech-loader.  In  fact,  a  description  of  the  gear  and  the  processes 
used  on  board  the  Thunderer  would  read  like  an  elaborate  joke,  if  the  subject  had  not  been  far 
too  disastrous  for  jesting.  A  breech-loading  gun,  in  other  respects  like  that  of  the  Thunderer, 
could  be  worked  in  a  casemate,  measuring  from  the  rear  wall  or  bulkhead  to  the  rear  side  of 
the  shield,  fifteen  feet,  or  four  feet  less  than  the  length  of  the  gun  itself.  It  is  not  suggested 
that  it  would  be  desirable  so  to  cramp  the  space,  but  it  seems  well  to  point  out  how  much  the 
space  actually  needed  for  working  the  gun  is  reduced  by  its  conversion  into  a  breech-loader. 
Then,  again,  the  complicated  arrangements  for  muzzle-loading  not  only  require  a  much  larger 
turret,  or  casemate,  but  also  make  it  necessary  to  have  larger  portholes  and  other  apertures 
leading  into  or  out  of  the  protected  capacity,  which  is  thereby  weakened  accordingly. 

It  should  be  observed  that  the  present  guns  in  the  English  service  are  confessedly  too 
short  to  burn  a  proper  charge  of  powder.  So  long  as  they  remain  muzzle-loaders,  it  is  impos- 
sible to  give  them  a  suitable  length. 

As  regards  the  weight  to  be  carried,  the  breech-loader  is  but  very  little  heavier  than  the 
muzzle-loader,  so  far  as  the  guns  themselves  are  concerned  ;  but  the  weight  of  a  turret  necessary 
to  hold  a  pair  of  muzzle-loaders,  is,  on  account  of  the  considerations  just  mentioned,  half  as 
much  again  as  for  a  corresponding  pair  of  breech-loaders.  When  the  top  of  the  turret  is  plated, 
this  preponderance  is  much  increased.  One  consequence  of  this  is  that  the  same  ship  can 
carry  a  much  larger  and  heavier  breech-loading  gun  than  she  can  a  muzzle-loader.  The  gain 
is  not  only  in  the  matter  of  weight,  but  even  more  in  the  matter  of  space.  In  this  respect,  we 
have  not  only  to  consider  the  space  actually  occupied  by  the  larger  turret,  aiid  by  its  base  on 
the  lower  deck,  but  also  the  loading  chamber  outside  the  turret,  containing  that  wonderful 
sponging  and  ramming  machinery,  which,  as  it  is  said,  enables  a  gun  to  be  double-loaded  with- 
out any  indication  that  it  is  loaded  at  all.  As  regards  both  space  and  weight,  matters  of  the 
most  anxious  solicitude  to  the  naval  architect,  there  is  a  great  saving  involved. 

It  is  true  that,  by  means  of  a  singularly  ingenious  mechanical  combination  adapted  to 
Her  Majesty's  ship  Inflexible,  the  actual  size  and  weight  of  the  turret  itself  have  been  kept 
down,  in  a  muzzle-loading  arrangement,  to  the  same  quantities  as  would  be  required  for  a 
breech-loader.  But  this  has  been  attained  at  the  cost  of  a  dangerous  complication,  and  at 
a  great  sacrifice  of  space  and  convenience, on  the  main  deck.  I  think  that  no  person  endowed 
with  an  ordinary  intuition  of  mechanical  fitness,  can  fail  to  be  struck  with  a  sense  of  absurdity 
in  the  idea  of  poking  the  chase  of  an  80-ton  gun  out  of  one  hole  in  the  turret  into  another 
hole  in  the  deck  in  order  to  be  loaded.  In  finding  fault  it  is  good  to  be  definite  in  particulars 
as  well  as  in  generalities.  As  regards  particulars,  the  sacrifice  of  space  and  convenience  on 
the  main  deck  flat,  and  the  sacrifice  of  flatness  of  the  upper  deck,  are  serious  faults  in  the 
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design.  Taking  it  in  its  generality,  it  is  a  marvellous,  not  to  say  perverse,  stroke  of  inventive 
genius,  to  escape  the  more  rational  and  natural  expedient  of  breech-loading. 

There  are  many  collateral  advantages  which  I  only  briefly  mention  here,  because  they 
concern  the  artilleryman  rather  than  the  shipbuilder.  Without  stopping  to  inquire  whether  the 
Joint  Committee  was  right  or  wrong  in  its  explanation  of  the-  accident  to  the  Thunderer,  it 
is  quite  certain  that  double-loading  could  not  happen  accidentally  in  a  breech-loading  gun.  The 
drenching  with  water  now  considered  necessary  would  also  be  needless,  and  its  omission  would 
not  lead  to  the  risk,  which  would  now  be  involved,  of  the  gun  going  off  at  a  considerable 
depression,  and  sending  a  shot  through  the  side  of  our  own  ship,  from  within  outwards. 

I  now  turn  to  the  question  of  the  efficiency  of  the  gun  ;  and  here  I  observe  that  everything 
is  sacrificed,  partly  to  curing,  and  partly  to  concealing,  the  defects  of  the  present  system  of 
rifling.  There  is  a  specious  plausibility  about  the  only  excuse  ever  made  for  it,  that  it  was 
undesirable  to  add  to  the  pressure  upon  the  gun,  due  to  the  resistance  of  the  shot  to  forward 
motion,  the  further  resistance  due  to  its  taking  up  rotatory  motion  more  quickly  than  necessary. 
The  attempt  to  secure  this  theoretical  advantage,  at  best  insignificant  in  amount,  has  caused 
the  sacrifice  of  nearly  every  other  good  quality,  and  has  introduced  some  sources  of  danger  quite 
peculiar  to  itself.  I  need  hardly  repeat  here,  what  has  often  been  said  elsewhere,  that,  as  a 
shot  camiot  possibly  fit  a  gun  rifled  with  a  varying  pitch,  there  has  to  be  a  misfit,  both  on  the 
loading  and  driving  sides.  The  risk  of  accident  from  the  shot  and  shell  breaking  up  in 
the  gun,  from  the  studs  getting  adrift,  or  over-riding  the  rifling,  are  matters  which 
primarily  concern  the  gunner.  What  do  concern  the  shipbuilder,  are  the  weakness  and 
want  of  durability  of  the  gun,  and  the  low  velocity  which  it  gives  to  the  shot.  The  total 
friction,  as  Professor  Reynolds  has  shown,  is  about  double  that  which  would  occur  with  a 
uniform  twist  of  the  same  amount  at  the  muzzle.  The  strains  due  to  its  taking  the  rifling 
also  come  into  play  with  increased  effect  when  the  shot  has  already  acquired  forward  velocity 
and  is  in  a  weaker  part  of  the  gun.  Two  very  momentous  results  follow — first,  that  it 
is  neither  safe  to  attempt,  nor  possible  to  get,  a  high  muzzle  velocity,  and  secondly  that,  for 
the  same  reasons,  a  sufficiently  rapid  rotation  to  allow  of  elongated  projectiles  being  used 
cannot  be  secured.  The  result  is  a  sacrifice  of  fully  half  its  power  as  an  armour-piercing  gun. 
Armstrong  has  obtained  a  muzzle  velocity  of  2,000  feet  a  second,  and  more  ;  1,600  feet  is  quite 
common;  while  the  Woolwich  gun  only  gives  1,300  or  1,400  feet.  The  energy  of  impact 
varying  as  the  square  of  the  velocity,  the  relative  efficiency  is  got  by  squaring  these  numbers. 

Whatever  excuse  may  have  been  originally  furnished  for  the  French  system  of  rifling  by 
the  quick-burning,  and  therefore  violent  powder,  formerly  employed  in  our  service,  that  has 
ceased  with  the  recognition  of  the  proper  object  of  burning  the  powder  charge,  so  as  to  get  a 
pressure  as  nearly  as  possible  uniform  on  the  base  of  the  shot  throughout  its  journey  within 
the  gun.  Supposing  that  no  force  is  converted  into  heat,  but  that  the  whole  work  of  the 
powder  is  expended  in  giving  motion  to  the  shot,  the  law  connecting  pressure  and  time  is 
immaterial,  and  the  velocity  simply  corresponds  with  the  energy.  But,  for  a  given  muzzle 
velocity,  the  maximum  pressure  in  the  gun  can  never  be  less  than  when  the  pressure  is 
constant  throughout  the  whole  time  the  shot  is  within  the  bore,  and  the  more  nearly  that 


ON  NAVAL  GUNS. 


49 


condition  is  fulfilled,  the  less  the  risk  to  the  gun.  When  any  part  of  the  work  is  expended  in 
heat,  the  equation  between  work  done  and  energy  imparted  depends  upon  the  reconversion  of 
heat  into  useful  work — a  reconversion  which  is  never  complete.  Moreover,  the  proportion  of 
work  mischievously  converted  into  heat — to  the  detriment  of  the  gun  as  well  as  to  the  loss 
of  work — increases  with  the  pressure,  and  the  lost  work  due  to  this  cause  is  likely  to  be  much 
greater  under  varying  pressures,  than  under  constant  pressures.  This  will  hold  true,  although 
in  different  proportions,  of  the  work  spent  upon  heating  the  gases,  as  well  as  of  that  spent  upon 
heating  the  gun. 

It  is  worth  while  to  give  a  numerical  statement  of  the  pressure  needed  in  a  particular  case. 

Neglecting  friction,  the  pressure  required  to  give  a  shot  a  foot  long  a  muzzle  velocity 
of  2,000  feet  a  second  in  a  barrel  20  feet  in  length  is  about  4-63  tons*  on  the  square  inch. 
With  a  bore  of  12  inches  calibre,  and  a  twist  of  one  turn  in  20  feet,  the  pressure  required  to 
produce  rotation  is  about  150  lbs.  Assuming  the  shot  to  be  2  feet  long,  this  brings  to  a  little 
over  9^  tons  on  the  inch  the  pressure  usefully  exerted  in  propelling  the  shot.  To  this  has  to  be 
added  the  pressure  necessary  to  overcome  the  friction,  both  of  the  barrel  and  the  rifling.  I 
do  not  attempt  any  numerical  statement  of  this,  because  it  depends  upon  so  many  elements, 
that  it  would  only  be  confusing  to  introduce  it  here.  It  would  not,  however,  under  good 
conditions,  bring  up  the  pressure  to  much  more  than  11  tons  on  the  inch,  in  the  case  stated. 

It  will  distinctly  appear  from  this  numerical  statement,  what  a  very  small  portion  of  the 
pressure  is  directly  expended  in  producing  rotation,  and  consequently  what  very  small  gain 
there  is  to  be  made,  by  endeavouring  to  secure  that  this  rotation  shall  be  imparted  less  rapidly 
than  the  forward  velocity  ;  and  it  must  be  remembered  that,  even  when,  as  in  guns  rifled  with  a 
uniform  twist,  the  rotation  is  directly  proportional  to  the  forward  velocity,  it  is  still  by  no 
means  suddenly  given.  The  really  important  increase  of  pressure  involved  in  the  rotation  of 
the  shot  is  the  indirect  expenditure  in  overcoming  the  friction  of  the  rifling.  This  loss  is  less 
when  the  pitch  is  uniform,  than  in  any  other  case. 

I  think  three  points  have  now  been  established :  first,  that  the  existing  service  gun  is  a 
bad  weapon,  both  generally,  and  particularly  as  regards  naval  requirements ;  secondly,  that 
it  is  of  importance  to  replace  it  by  a  breech-loading  gun  ;  and  thirdly,  that  the  gun  should  be 
rifled  with  a  uniform  twist. 

There  has  also  appeared,  incidentally,  the  importance  of  having  a  slow-burning  powder, 
which  will  give  nearly  uniform  pressure  while  the  shot  is  within  the  barrel. 

Not  being  a  mechanical  engineer,  I  feel  some  hesitation  in  discussing  the  actual  mode  of 
putting  together  the  guns.  There  are,  however,  some  points,  in  which  the  existing  guns  seem 
to  be  of  defective  or  mistaken  construction,  and  I  think  my  remarks  would  be  incomplete  if  I 
did  not  mention  them. 

*  Let  P  be  the  pressure  in  pounds  per  square  inch,  I  the  length  of  the  shot  in  feet,  s  the  length  of  the 
barrel  in  feet,  and  v  the  muzzle  velocity  in  feet  per  second,  then 

P  =  —  X  0-052  ; 

12  cubic  inches  of  iron  being  taken  as  weighing  3-84  lbs. 
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In  the  first  place,  I  cannot  help  considering  a  built-up  gun  as  at  best  a  makeshift, 
adopted  on  account  of  the  difficulty  or  impossibility  of  getting  a  good  one  of  homogeneous 
material.  The  difficulty  has  now,  as  I  believe,  been  overcome  ;  at  any  rate  the  time  is  certainly 
at  hand  for  the  production  of  reliable  castings  of  steel,  possibly  compressed  by  Whitworth's 
methods,  or  improved  by  special  arrangements  for  casting,  or  by  subsequent  annealing — a 
process  which,  as  applied  to  large  castings,  does  not  seem  to  me  to,  have  received  sufficient 
attention.  It  is  objected  to  steel  as  a  material  for  guns,  that  it  is  brittle,  and,  when  it  gives  at 
all,  that  it  bursts  suddenly,  and  without  warning.  I  am  unable  to  see  that  this  is  any  real 
objection,  provided  the  stress,  under  which  it  is  safe,  is  in  excess  of  that  which  the  gun  need 
be  put  to,  or  of  what  existing  guns  of  the  same  weight  will  bear. 

Next,  I  have  never  been  able  to  look  upon  the  system  of  shrinking  on  the  coils,  so  as  to 
gripe  one  another,  as  in  any  way  satisfactory.  I  cannot  understand  any  one  way  in  which  it  is 
better  than  an  exact  fit,  while  there  are  many  respects  in  which  it  is  objectionable.  The 
heating  of  the  gun  is  always  greatest  on  the  inside,  and  this  secures,  at  any  rate  after  the  first 
shot,  that  the  outer  coils,  if  only  close-fitting,  shall  at  once  gripe  the  inner  coils,  as  soon  as 
these  begin  to  expand  under  internal  pressure.  I  have  a  suspicion,  too,  that  the  grip  is  not 
permanent ;  but  that,  especially  with  the  heating  and  concussion  of  firing,  it  soon  relieves 
itself  by  molecular  re-arrangement,  or  stretching.  I  am  quite  aware  of  the  theory,  that  materials 
do  not  take  a  "  set  "  under  stresses  which  are  within  the  limits  of  elasticity  ;  but  I  am  also 
aware,  that  the  assumption  of  the  existence  of  such  limits  is  one  of  purely  theoretical 
convenience,  and  I  believe  that,  as  applied  to  soft  wrought  iron,  it  is  a  mere  fiction.  For 
glass,  or  hard  steel,  the  theory  is  certainly  approximative,  and  represents  nearly,  if  not  exactly, 
the  actual  state  of  things  :  not  so  for  soft  iron. 

I  think,  also,  that  soft  iron  is  far  too  extensible  a  material  for  the  outer  coils.  So  far  as 
concerns  strength  alone,  the  outer  coil,  and  not  the  inner  tube,  is  the  place  for  steel. 

I  had  it  in  view,  in  writing  this  paper,  rather  to  discuss  the  defects  of  the  guns  now  in  our 
naval  service,  than  to  go  into  the  question  of  the  Thunderer  accident.  But  I  think  it  right  to 
say,  that  I  am  unable  to  accept  the  conclusion,  that  the  accident  was  no  fault  of  the  gun.  I 
believe  it  was  entirely  the  fault  of  the  gun,  and  that  the  only  security  against  the  recurrence  of 
such  accidents  is  to  discard  the  present  Woolwich  gun,  in  favour  of  a  better  system. 


DISCUSSION. 

Admiral  Sir  K.  Spencer  Eobinson,  K.C.B.,  F.K.S.,  Vice-President:  My  Lord,  I  think  it  a 
great  pity  that  this  question  should  not  be  discussed.  Although  I  am  not  at  all  prepared  to  enter  into 
the  scientific  question  that  is  put  before  us,  yet  I  can  give  one  or  two  opinions  which  I  hope  will  set 
the  ball  a  rolling,  and  induce  gentlemen  more  thoroughly  competent  to  deal  with  this  subject  to  give 
us  their  opinions  on  the  matter.  As  far  as  what  I  may  call  the  non- scientific  part  of  it — that  merely 
practical  part  which  relates  to  naval  officers,  I  am  entirely  at  one  with  Mr.  Merrifield  in  this  sense, 
that  I  wish  extremely,  for  the  purpose  of  naval  attack  and  defence,  to  have  the  gun  a  breechloader. 
What  I  thought  Mr.  Merrifield  was  so  right  in  was,  that  we  should  gain  so  enormously  in  the 


ON  NAVAL  GUNS. 


61 


construction  of  our  ships,  and  the  power  which  we  could  develop  by  breech -loading,  and  that  the 
difficulties  and  obstacles  in  the  way  of  making  a  perfect  breechloader  have  been  bo  far  removed, 
though  they  wore  very  weighty  at  one  time,  and  perfectly  sufficient  to  deter  us  at  the  moment  from 
embarking  in  the  manufacture  of  breechloading  guns.  I  do  think  those  obstacles  are  now  removed. 
I  think  the  discussion  we  have  had  to-day  on  matters  relating  to  the  manufacture  of  steel,  and 
developing  various  new  forces  from  iron,  has  helped  us  considerably,  and  I  think  we  have  come  to  the 
time  when  we  might  say  with  perfect  safety  and  confidence  that  our  gun  manufacturers  in  England 
can  deliver  to  us  perfectly  safe  and  useful  breechloaders.  I  hope  that  idea  will  prevail  in  quarters  of 
more  importance  than  my  own  mind.  There  have  been  other  points  referred  to  by  Mr.  Merrifield 
which  I  confess  are,  perhaps,  rather  speculative,  but  it  is  extremely  difficult  for  anyone  who  has  read 
the  account  of  the  witnesses  who  saw  the  catastrophe  on  board  the  Thunderer  to  reconcile  the  report 
of  the  committee  with  the  evidence  given.  There  is  in  the  weight  of  the  evidence  something  so 
remarkable  to  a  practical  man  that  I  think  I  may  be  excused  for  referring  to  it.  The  captain  of  the 
ship  and  others  watched  the  progress  of  the  firing.  The  captain  of  the  ship,  and  others  most 
competent  to  give  a  positive  and  decided  opinion  on  the  matter,  declare  that  they  saw  three  projectiles 
leave  the  ship. 

The  President  :  Three  ? 

Sir  R.  S.  Robinson  :  Four  projectiles  should  have  left  the  ship.  They  declare  they  saw  three 
leave  the  ship,  and  one— it  was  perfectly  well  known  to  everybody — did  not;  that  was  the  projectile 
from  the  gun  in  the  after  turret,  which  did  not  fire  at  all :  that  was  acknowledged  and  admitted.  But 
the  great  question,  and  it  is  a  question  of  evidence,  is  this  :  Is  it  a  fact  that  the  gun  was  loaded  twice, 
or  is  it  a  fact  that  the  gun  was  discharged,  and  that  the  shot  was  seen  by  competent  witnesses  to  go 
through  the  air  and  strike  the  water.  There  is  contradictory  evidence.  There  seems  to  be  nothing 
in  this  world  that  is  not  contradicted  in  one  way  or  the  other,  and  it  seems  to  me  if  you  really  want 
to  get  at  the  truth  you  have  to  go  prodigiously  deep  in  the  well,  and  even  then  you  may  not  fijid  it, 
after  all.  But  as  far  as  the  evidence  goes,  it  seems  to  me  the  conclusion  we  should  come  to  is,  that 
that  gun  was  discharged.  Now  if  that  gun  was  really  discharged,  and  it  was  not  the  two  cartridges 
and  the  two  shot  that  burst  that  gun  explosively,  there  is  a  very  serious  matter  of  weakness  in  the 
gun,  and  that  serious  matter  refers  itself  not  only  to  the  construction  of  the  gun  but  to  the  rifling  of 
the  shot,  and  the  risk  of  a  jam  in  the  bore.  But  I  have  occupied  yom-  attention  a  great  deal  this  day, 
and  it  would  be  very  unfair  of  me  to  continue  these  arguments  that  have  occm-red  to  me  on  the  matter ; 
besides  which,  I  see  before  me  gentlemen  perfectly  competent  to  discuss  all  the  points  of  this  very 
important  subject.  But  we  must  admit  that  Mr.  Merrifield,  in  his  most  able  and  interesting  paper, 
has  put  before  us  matters  that  we  cannot  ignore,  and  which  we  must  not  ignore.  For  the  advantage 
of  om*  shipbuilding,  we  must  not  ignore  the  fact  that  a  breechloader  is,  in  many  respects,  far  better 
adapted  than  a  muzzle-loader  to  naval  warfare,  and  we  have  no  right  whatever  to  ignore  this  fact  ; 
that  the  explanation  of  the  destruction  of  the  Thunderer's  gun  is  extremely  open  to  question,  and  the 
decision  arrived  at  may  not  be  an  accurate  one  after  all ;  and  lastly,  this  is  not  the  first  time — this  is 
not  the  hundredth  time— I  have  heard,  and  been  told  by  men  whose  judgment  and  value,  by  men  whose 
mathematical  acquirements  I  rest  on  as  implicitly  as  it  is  possible  to  do,  that  the  whole  system  of  our 
rifling  is  an  erroneous  one,  and  that  accidents  of  this  kind  might  and  would  happen  inevitably.  The 
only  comfort  I  have  ever  had  from  that  unpleasant  reflection  has  always  been  the  assertion  of  those 
who  so  ably  and  well  have  supplied  us  with  our  artillery,  that  it  was  perfectly  impossible,  even  if  they 
were  wrong  in  the  system  of  rifling,  and  considering  also  the  liability  I  have  adverted  to,  of  a  jam 
taking  place,  that  the  gun  should  burst  explosively.  I  am  quite  sure  if  anybody  has  ever  listened 
to  those  who  advocate  the  present  system  of  guns  he  has  been  told,  over  and  over  again,  "There 
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may  be  something  in  what  you  say,  but  of  this  you  may  be  quite  sure,  that  no  gun  of  our  construction 
on  the  Woolwich  system  will  ever  burst  explosively.  Unfortunately,  gentlemen,  we  know  that  that 
is  not  so  now.  I  think,  therefore,  what  Mr.  Merrifield  has  brought  before  us  to-day  is  doubly 
interesting,  and  ought  to  be  the  subject  of  our  most  serious  consideration. 

Mr.  John  MacFaklane  Geay:  My  Lord,  I  quite  agree  with  all  Mr.  Merrifield  has  told 
us  about  guns,  in  his  usual  clear  way.  He  has  put  his  paper  about  guns,  in  such  a  way  that 
it  will  be  very  useful  to  many  of  our  members,  and  also  to  others.  With  regard  to  the 
Thunderer  explosion,  I  at  first  felt  very  much  as  Sir  Spencer  Eobinson  did  just  now,  that 
the  gun  had  been  discharged.  I  was  very  positive  about  that ;  but  I  was  converted  by  reading 
a  letter :  that  letter  was  so  well  written  that  it  shook  my  faith,  probably  partly  because 
I  like  to  look  at  things  from  the  other  side  to  that  in  which  the  party  wishes  to  put  them. 
It  is  a  fortunate  thing  for  Britain  that  it  did  burst,  because  it  may  lead  to  an  improvement  in  our 
guns,  and,  I  think,  if  it  does,  that  improvement  will  be  purchased  cheaply,  even  at  so  great  a 
price.  With  regard  to  new  guns,  there  is  at  present  preparing  to  be  presented  to  our  Admiralty 
a  gun  made  upon  a  new  principle.  The  inventor  is  willing  to  take  such  guns  as  those  we  are  speaking 
about,  to  bore  out  the  rifling  and  make  them  twice  the  strength  they  were  before,  adding  nothing  to 
the  weight,  not  putting  them  in  the  fire.  The  plan  is  very  simple,  and,  whether  it  will  be  perfectly 
successful  or  not,  I  think  it  is  very  pretty.  They  take  out  the  rifling ;  they  then  put  in  a  machine, 
the  details  of  which  I  am  not  at  liberty  to  tell  you,  but  it  is  sufficient  to  tell  you  this,  that  it  is 
somewhat  like  a  Dudgeon  tube  expander.  They  put  that  in  a  common  lathe,  and  after  working 
it  inside  the  bore  of  the  gun  for  a  day  or  two,  the  bore  of  the  gun  is  enlarged — perhaps  a 
10-inch  gun  is  enlarged  to  a  10^  inch  or  a  lOf  inch— but  the  outside  of  the  gun  is  not  enlarged.  They 
have  carefully  callipered  the  outside,  and  not  enlarged  that.  What  they  do  then  is  this :  they 
put  a  condition  of  permanent  stress  upon  the  gun  from  the  inside  outwards  ;  the  pressure  which 
they  finally  apply  to  the  inside  is  somewhat  greater  than  the  pressure  which  the  powder  will  exert, 
and  consequently,  when  the  gun  is  under  the  pressure  of  the  powder,  and  is  discharged,  there  is 
approximately  no  stretch  in  the  gun  at  all.  If  this  plan  is  successful,  I  think  it  will  to  a  great  extent 
reduce  the  heating  in  firing. 

Captain  Scott,  K.N. :  My  Lord,  I  wish  to  say  a  few  words  on  this  subject.  I  do  not  think  the  mode 
of  expansion  which  has  just  been  spoken  of  would  tend  to  strengthen  a  gun,  but,  on  the  contrary,  it 
would  destroy  the  elasticity  of  its  metal.  Now  to  pass  first  to  the  turret.  A  great  many  mistakes  have 
been  made  with  respect  to  it.  Mr.  Merrifield  has  said  that  he  does  not  wish  to  curtail  the  space  in 
the  turret.  Having  had  some  experience  in  the  matter  of  mounting  guns,  I  can  safely  say  there  is 
not  inside  the  Thunderer'' s  turrets  too  much  space  to  work  the  guns  ;  but  there  is  space  enough  for  the 
officer  directing  the  firing  to  have  all  the  operations  of  loading,  sponging,  &c.,  under  his  eye ;  and  thus 
to  work  a  gun  safely  and  efficiently.  It  has  been  constantly  asserted  in  the  papers  that  there  is  not 
space  in  the  Thunderer's  fore-turret  or  after-turret  to  work  38-ton  guns  entirely  within  them.  There 
is,  however,  no  difficulty  in  mounting  38-ton  guns  so  as  to  work  them  within  the  turret,  and  by  working 
them  within  the  turret  evci-y  operation  is  under  the  control  of  the  officer  of  the  turret.  Can  you 
expect  that  guns  can  be  efficiently  worked  when  the  greater  part  of  the  gear  is  out  of  sight,  and  when 
the  officer  in  the  turret  cannot  see  what  the  loaders  (on  the  main  deck)  are  doing.  How  can  there  be 
efficient  control  under  such  a  system  ?  I  do  not  think  the  great  danger  of  loading  the  gun  in  such 
a  way  has  been  fully  apprehended.  If  the  gun  were  to  explode  in  such  a  position  while 
loading,  as  the  Duke  of  Somerset  pointed  out  (and  it  is  always  the  unexpected  that  happens),  nothing 
could  save  the  ship.  The  whole  force  of  the  explosioii  would  go  downwards  and  destroy  her  powder 
magazines,  and  certainly  sink  her.    Again,  you  want  sufficient  space  in  the  turret  for  long  slides 
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for  your  guns  to  recoil  upon.    Those  slides  form  the  strengthening  ties  of  the  turret.    If  you  take 
them  away,  you  take  away  a  great  proportion  of  the  strength  of  the  structure.    Up  to  the  time 
of  the  35-ton  guns,  the  whole  of  the  heavy  guns  were  mounted  upon  the  principle  worked  out  by 
me  with  the  assistance  of   draughtsmen  and  others.     One  uniform  system   had  been  carried 
out  in  muzzle-loading,  and  there  had  been  no  accident  with  any  gun.    The  reason  is  that  when 
the  charge  was  put  in  and  the  gun  fired,  it  remained  at  recoil,  and  if  it  did  not  recoil  it  was  clear 
that  the  charge  was  still  in  the  gun.     There  is  one  very  great  advantage  the  breach-loading 
system  possesses  over  muzzle-loading,  and  that  is,  that  on  board  ship  the  gun  is  fired  inva- 
riably with  some  elevation,  because  the  shot  commences  to  drop  the  moment  it  leaves  the  gun,  and  the 
gun  consequently  comes  in  the  very  best  position  for  loading.    No  change  is  necessary,  so  that  in 
firing  by  night  the  crew  can  safely  go  on  firing,  knowing  that  the  gun  has  the  right  eleva- 
tion, but  directly  the  elevation  is  altered  for  loading  the  gun,  an  element  of  error  is  introduced.  The 
fewer  operations  you  can  have,  and  the  more  you  can  simplify  them,  the  greater  is  the  security.  I 
have  mentioned  before,  and  I  still  believe  the  Prussian  officers,  who  are  not  willing  to  say  much 
about  the  guns  I  saw  on  board  their  different  vessels,  are  not  satisfied  with  their  heavy  breechloaders, 
in  fact,  however  well  a  breechloader  may  answer  in  firing  small  charges  of  powder — and  so  far  I  am 
entirely  with  Mr.  Merrifield,  and  think  that  all  light  deck  guns  should  be  breechloaders — when  you 
go  beyond  70  pounds,  and  fire  enormous  modern  charges  which  greatly  heat  and  expand  the  gun,  I 
think  it  very  likely  you  would  find  something  go  wrong,  and  the  slightest  escape  with  these  immense 
charges  of  powder  would  prevent  you  from  closing  the  breech,  and  ceitainly  would  disable  the  gun. 
There  is  another  point  which  I  would  refer  to.    To  load  the  gun  at  the  breech  you  would  either,  as 
before  indicated,  have  to  alter  the  elevation,  or  load  it  uphill,  but  in  loading  at  the  muzzle  there 
would  be  no  difficulty  in  first  entering  the  charge,  and  then  ramming  it  home  by  a  stiffened  chain,  as 
some  of  you  have  seen  done  in  the  Arsenal.     That  chain  is  capable  of  great  improvement,  and  of 
working  with  much  exactitude  ;  or  having  first  entered  the  shot,  you  may  place  ropes  on  the  ordinary 
rammer  and  ram  home  the  charge  easily.    Even  with  the  81-ton  gun  there  would  be  no  difficulty. 
I  do  not  wish  to  detract  from  the  present  plan.    We  know  the  high  renown  of  the  fixm  which  has 
mounted  such  guns  in  the  Inflexible.*    We  know  the  great  things  they  have  done  for  the  navy  of 
England ;  but  at  the  same  time  I  would  point  out  that  the  simple  mode  which  has  been  carried  out 
throughout  our  navy,  could  be  extended  over  to  80-ton  guns  wherever  the  space  was  not  too  con- 
tracted.    The  time  of  working  the  Devastation  85-ton  guns  by  hand  is  shorter  than  that  in 
which  the  Thunderer'' s  guns  can  be  worked  by  steam.     I  believe  if  the  after-turret  were  fully 
tried,  it  would  be  found  that  the  same  result  would  hold  good  there — that  the  quickness  of  the  after- 
turret  would  exceed  that  of  the  fore-turret.    It  is  incorrect  to  say  that  because  a  gun  is  three  tons 
heavier,  therefore,  as  it  was  replied  to  me,  steam  was  required  in  the  one  case  and  not  in  the  other. 
My  reply  was,  let  me  mount  the  38-ton  gun,  and  add  steam,  or  let  me  else  put  the  steam  to  the 
35-ton  gun,  and  I  will  show  you  that,  on  the  one  hand,  while  you  will  be  able  with  a  trained  crew 
to  work  with  steam  (and  I  hold  that  only  a  trained  crew  can  work  with  steam),  on  the  other  hand, 
with  a  hasty  levy  of  men  should  the  steam  fail,  you  can  at  once  fall  back  on  the  more  reliable — the  hand 
appliances.     Without  hand-power  when  at  anchor  or  under  slack  steam,  you  would  have  to 
ask  your  enemy  to  be  good  enough  to  w^ait  until  you  got  j'our  steam  up.    Certainly  j-ou  would  betaken 
at  a  very  great  disadvantage  if  you  were  in  such  a  condition.    Most  of  us  who  have  had  much  to  do 
with  machinery — and  I  suppose  I  may  call  myself  somewhat  of  an  engineer — know  that  a  valve  fails 

*  This  ship's  turrets  are  covered  with  very  thick  armour,  and  are  proverbially  contracted  in  diameter  to  save  weight : 
hence  her  80  ton  guns  cannot  be  loaded  except  by  such  special  arrangements  outside  the  turrets  as  have  been  so  ably 
devised  at  Elswick. 
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in  a  moment,  and  you  cannot  tell  what  has  gone  wrong.  In  the  different  trials  that  took  place  on 
board  the  Thunderer  much  time  elajDsed  before  they  could  make  the  guns  work  efficiently.  What 
occurred  with  the  100-ton  steam  crane,  some  of  you  may  not  know.  The  War  Department 
wanted  to  get  the  81-ton  gun  to  Shoeburyness.  It  was  on  the  wharf  ready,  but  when  the  men  wished 
to  use  the  crane  it  would  not  work,  and  they  could  not  get  it  to  work  for  a  fortnight.  Nobody  from  that 
time  to  this  knows  what  was  the  matter  with  that  hydraulic  crane,  which  is  actuated  by  steam.  The 
turrets  of  the  Thunderer  are  just  the  size  required  for  the  crew  to  work  the  38-ton  guns  efficiently, 
when  using  hand  power,  but  if  you  reduce  the  size  of  turrets,  you  will  have  to  come  to  breechloaders, 
and  whether  you  will  get  those  advantages  that  Mr.  Merrifield  supposes,  or  not,  I  leave  him  to  decide. 
I  will  now  turn  to  the  burst  gun  and  the  Woolwich  rifling.  When  the  accident  was  reported  it 
seemed  to  me  that  it  might  very  well  have  happened  by  the  shot  jamming  when  it  moved 
forward.  The  first  part  of  the  rifling  in  the  38-ton  gun  is  practically  straight,  and  then  comes  a 
curve.  The  shot  might  slip  forward  until  it  came  to  the  curve,  across  the  gun,  as  it  were,  and 
having  a  good  deal  of  velocity,  it  might  not  follow  the  curve,  as  has  been  the  case  on  several 
occasions.  I  have  myself  seen  marks  upon  the  guns  which  have  indicated  that  the  projectile 
has  not  taken  up  the  rifling,  but  it  has  slipped  over  the  edges  of  the  grooving.  It  is  all  very  well  to 
say,  "  Search  the  gun  to  see  whether  the  charge  is  home  and  whether  the  bore  is  sound;"  but  how 
are  you  to  do  this  in  the  heat  of  action,  with  the  enemy's  ship  firing  into  you  all  the  time  ?  The 
simpler  the  appliances  used  and  the  more  certain  they  are,  the  better.  Then,  with  respect  to  the 
uniform  spiral,  what  Mr.  Merrifield  says  is  perfectly  correct,  and  he  has  more  clearly  defined  its 
advantages  than  anybody  I  have  heard,  I  do  not  wish  to  say  anything  as  to  faulty  construction,  because 
I  feel  very  strongly  myself  that  what  we  ought  to  do  is  to  try  and  improve  what  we  now  have,  and  in 
new  guns  to  have  what  are  the  very  best.  Therefore,  if  breech-loaders  be  the  best  let  us  have  them, 
but  let  us  at  the  same  time  make  use  of  the  present  guns,  improving  them  so  as  to  become  more 
powerful  than  they  are  at  this  time  ;  first,  by  improving  the  powder ;  secondly,  by  altering  the  rifling 
to  a  uniform  twist ;  and  thirdly,  by  filing  iron  shot  which  are  not  rotated  by  studs,  but  by  long 
flanges.  And  why  by  flanges  ?  Simply  because  on  the  first  impulse  of  the  powder,  the  projectile, 
if  it  has  long  flanges,  rises  up  from  the  bottom  of  the  bore  and  centres  itself  going  through  the  bore,, 
clear  of  the  dirt  in  the  bottom.  If  studs  be  inserted  instead  of  casting  flanges  on  the  shot,  the  studs 
yield,  and  the  body  of  the  shot  is  driven  down  upon  the  bottom  of  the  bore,  and  rubs  along,  dragging 
with  it  the  fouling,  and  causing  an  enormous  pressure  which  has  never  been  fauiy  tested,  and  accounting 
very  fully  for  those  waves  of  pressure,  which  are  stated  in  the  different  reports  of  firing  to  rise  from 
seventeen  tons  up  to  forty  tons.  Some  tell  you  they  do  not  know  to  what  these  variations  are  due, 
but  it  is  as  clear  as  possible  that  it  is  to  the  faulty  system,  which  is  likewise  the  cause  of  several 
Woolwich  guns  having  broken  up.  I  went  twice  to  look  at  the  12-ton  gun  that  burst  in  proof, 
I  think  at  the  second  round,  merely  firing  a  quarter  more  than  the  service  charge.  How  that  gun 
burst  was  apparent,  for  there  were  marks  of  the  studs  having  slipped  over  the  rifling.  On  another 
occasion  a  12-ton  gun  went  to  atoms  at  Shoeburyness.  And  a  third  12-ton  gun  blew  out  its  breech. 
It  is  therefore  futile  to  say  these  guns  do  not  break  up.  Undoubtedly  they  seldom  bui'st,  and 
fracture  is  not  likely,  when  they  have  been  carefully  searched,  but  supposing  there  is  a  lengthened 
action,  I  want  to  know  how  men  can  search  the  gun  and  feel  exactly  the  state  it  is  in.  We  all  know 
it  is  impossible.  Therefore,  I  think  we  require,  for  the  sake  of  economy,  for  the  sake  of  the  honour 
of  our  country,  and  for  the  sake  of  those  sailors  whom  we  send  on  board  our  ships,  that  there  should 
be  a  full  and  complete  investigation  of  the  present  system ;  and  I  am  satisfied  that  if  a  committee  or 
commission  were  appointed — not  of  those  who  have  had  to  do  with  introducing  the  system — you  would 
attain  a  satisfactory  result  at  a  very  small  expenditure. 
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Admiral  Selwtn  :  I  wish  to  say,  my  Lord,  that  this  question  has  been  brought  forward  by  Mr. 
Merrifield  at  a  most  ojoportune  moment,  but  he  has  touched  a  burning  sore.  We  all  know,  notwith- 
standing all  the  things  that  have  been  adduced  in  favour  of  the  present  system,  that  we  are  getting 
gradually  into  worse  and  worse  results  instead  of  into  better.  We  are  lengthening  our  guns 
to  do  what  ?  Just  as  the  Chinese  do,  to  burn  worse  powder.  And  why  ?  Because  the  guns  are  weak 
Why  are  the  guns  weak  ?  Because  nobody  would  take  steel  when  it  was  offered  to  them  instead  of 
iron.  I  deny  altogether,  both  upon  the  question  of  armour-plate  and  upon  the  question  of  guns,  that 
you  could  not  have  had  steel  as  good  as  you  could  get  it  now,  if  you  had  asked  for  it  ten  years  ago.  If 
Mr.  Bessemer  had  been  listened  to,  and  other  men  of  equal  eminence  as  himself  in  the  manufacture 
of  steel,  and  if  there  had  not  been  great  and  undue  pressure  brought  to  bear  against  the  use  of  steel, 
there  would  have  been  then  as  great  an  advance  as  we  have  now.  But  there  has  been  an  organised 
resistance,  and  why  ?  Because  there  were  great  vested  interests  embarked  ;  because  to  make  ii-on  was  the 
speciality  of  all  England,  to  make  steel  was  the  speciality  of  a  few,  and  therefore  for  a  long  time  that 
improvement,  which  promised  to  render  useless  millions  of  pounds  worth  of  existing  plant,  was  resisted, 
as  all  such  improvements  always  are,  and  always  will  be.  But  the  time  has  come  when  steel  has  asserted 
its  own.  It  is  too  late  to  say  that  we  cannot  make  strong  guns.  Guns  that  will  burn  every  pound  of 
powder  and  every  ounce  of  powder  that  they  can  be  charged  with,  have  been  offered  to  the  Government 
for  trial,  and  refused  by  the  Government.  They  have  been  offered  by  Sir  Joseph  Whitworth  for  trial 
without  any  expense,  and  therefore  I  say  we  have  not  done  so  much  with  the  question  as  might  have 
been  done.  I  say  we  have  made  the  first  mistake  when  in  want  of  a  gas  to  drive  a  projectile,  in  consenting 
to  take  the  worst  material  to  form  that  gas,  because  the  pressure  was  then  such  as  the  utensils  into 
which  you  put  it,  would  bear.  Instead  of  making  the  utensil  stronger  we  made  the  powder- gas 
weaker.  And  it  is  no  answer  to  say  that  if  you  would  only  keep  up  the  pressure  during  a  sufficiently 
long  time,  and  by  having  a  long  gun,  you  will  get  an  equal  initial  velocity.  Given  bad  powder,  you 
must  have  long  guns :  given  weak  guns,  you  must  have  bad  powder.  You  must  also  have  fouling,  and 
you  must  also  have  smoke ;  and  I  do  beg  those  who  advocate  breech-loading  artillery  for  our  ships  to 
recollect  what  the  result  of  firing  modern  charges  of  powder  is — you  have  carbonic  oxide  gas,  that 
yellow  smoke  that  we  know  so  well,  proceeding  from  the  guns  which  used  to  give  pure  carbonic  acid  alone, 
the  result  of  perfect  combustion.  That  carbonic  oxide  gas  is  fatal  to  human  life.  If  you  open  a 
breech-loading  gun  constantly  several  times  and  let  the  smoke  come  into  the  turret,  or  casemate,  as  it 
will  do  if  the  atmospheric  conditions  are  unfavourable,  you  will  stifle  every  man  in  the  place.  These  results 
arise  from  the  initial  error,  and  the  right  way  to  act  is  not  to  continue  any  longer,  as  Mr.  Merrifield  has 
said,  trying  to  cover  up  defects.  Let  us  rather  examine  the  principles  upon  which  we  are  proceedincr, 
and  go  back  and  confess  that  we  are  wrong,  if  we  find  that  to  be  the  truth.  If  you  have  good  powder  in 
a  strong  steel  gun,  I  am  quite  sure  you  can  get  all  the  advantages  with  a  very  short  gun,  which 
you  now  propose  to  derive  from  a  very  long  one,  combined  with  many  other  advantages  which  you 
cannot  get  under  any  other  system.  Upon  the  question  of  the  improvement  of  powder  I  am 
rather  at  issue  with  Mr.  Merrifield,  but  on  all  the  other  questions  I  recognise  the  great 
importance  of  what  he  has  said.  He  has  pointed  out  that  it  is  not  supposed  to  be  sufficient  to- 
day to  have  a  gun  twenty  feet  long,  but  we  want  to  have  guns  thirty  feet  long.  Now  I  ask  this 
meeting  whether  anybody  in  his  senses  twenty  years  ago,  when  guns  were  fii-st  proposed  to  be  made 
on  this  wonderful  system,  if  he  had  been  told  that  one  of  the  conditions  of  adopting  this  svstem  was 
that  he  must  consent  to  have  guns  twice  as  long  as  they  were  then,  would  have  listened  to  it.  Has 
not  the  world  been  brought  to  consent  to  it  gradually  by  successive  steps,  each  of  which  has  been  an 
error  ?  But  Dr.  Siemens  and  Sir  Joseph  Whitworth  tell  us,  We  can  make  you  steel  guns  to  any  extent 
you  please,  at  a  cost  infinitely  below  that  of  the  existing  built-up  ones,  with  a  strength  infinitely 
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greater — so  strong,  indeed,  that  by  no  possible  charge  that  you  can  put  into  the  guns  can  you  burst 
them,  even  if  you  use  the  quickest  burning  powder  known.  Ought  it  to  be  a  question  any  longer  that 
we  should  go  back  to  the  first  principles  on  which  we  achieved  a  reputation  many  years  ago, 
resulting  from  the  employment  of  skilled  artillerists,  from  having  the  very  best  guns,  and  the  very  best 
jjowder  in  the  whole  world,  giving  a  muzzle  velocity  of  1,600  feet  per  second.  We  are  slowly  attaining 
to  1,600  feet.  In  what  way  must  it  be  done  ?  By  confessing,  not  alone  to  the  errors  I  have  spoken 
of,  but  to  the  stiU  greater  one,  which  is,  that  each  gun  must  have  its  own  powder,  or  it  will  not  do  ;  so 
that  you  must  have  many  natures  of  powder  on  board  ship,  according  to  the  many  kinds  of  ordnance 
there  are  on  board.  If  you  have  a  land  service  mortar  on  shore  which  is  short  you  cannot  fire 
ordinary  pebble  powder,  but  if  you  have  a  long  gun  then  you  must  have  the  pebble  powder.  All  these 
objections  will  be  swept  away  at  once  when  we  come  to  consider ;  first,  the  quality  of  the  powder ; 
secondly,  the  natm-e  of  the  projectile  ;  and,  thirdly,  the  effect  of  the  velocity  from  a  moderately  long 
but  very  strong  gun.  But  so  long  as  the  world  will  persist  in  piling  up  error  upon  error ;  in  covering 
up  a  defect  by  introducing  a  compensation,  which,  at  last,  is  nothing  more  than  a  second  error ; 
so  long  as  that  is  done,  instead  of  making  real  progress,  we  shall  be  tending  towards  that  time  when 
we  shall  have  to  sweep  everything  away,  and  begin  afresh. 

Mr.  J.  Scott  Eussell,  F.E.S.  (Vice-President) :  I  am  afraid  we  must  all  confess  that  the  whole 
history  of  our  naval  gunnery  for  the  last  twenty  years  is  simply  a  progress  of  error  after  error  ;  an 
ingenious  blunder  created  by  great  complication,  and  more  ingeniously  corrected  by  doubling  the 
amount  of  complication.  The  great  fault  of  our  present  great  guns  is  this — that  they  are  pieces  of 
patchwork.  They  are  in  this  respect  pieces  of  patchwork,  that  instead  of  being  a  continuous  tube 
they  are  little  bits  of  tube  put  end  on  end  and  then  tried  to  be  connected  together  in  some  way  or 
other,  and,  if  I  am  not  grievously  mistaken,  the  explosion  of  this  Thunderer  gun  took  place  merely  by 
one  bit  of  the  gun  choosing  to  part  from  another  bit  of  the  gun  at  a  place  where  they  had  no  junction. 
Now  that  this  should  be  possible  in  the  great  guns  of  the  British  Navy  is  all  but  incomprehensible. 
Moreover  I  saw  those  guns,  and  visited  those  turrets,  before  the  ship  left  this  country,  and  there  is 
nothing  to  my  mind  more  alarming  or  horrible  than  that  the  men  who  are  in  the  turret  have  nothing 
to  do  with  the  loading  of  the  guns,  and  have  all  the  work  on  which  their  lives  depend  done  by  some 
fellows  or  other  down  in  a  dark  cell  below  them.  I  think  it  is  something  perfectly  incredible,  and  it  is 
more  incredible  to  me  that  I  saw  also  they  had  wobbled  the  deck  of  the  ship  up  here  and  down  there, 
merely  that  it  might  get  out  of  the  way  of  those  fellows  below  and  suit  their  convenience.  Now  allow 
me  to  sum  up  all  that  I  think  is  important,  and  most  important,  in  this  paper  of  Mr.  Merrifield's  in  a 
few  words.  Firstly,  our  guns  are  made  of  patches,  in  fragments  ingeniously  tied  together  ;  that  must 
be  done  away  with.  Secondly,  they  had  a  very  bad  kind  of  gunpowder,  and  they  had,  therefore,  to 
adopt  a  very  ingenious  French  invention — namely,  the  accelerating  groove,  because  they  would  not 
get  a  proper  gunpowder  and  make  a  proper  cartridge.  They  have  now  got  the  right  gunpowder  and 
they  now  know  how  to  make  a  proper  cartridge  ;  but  they  have  already  rifled  all  the  guns  with  the 
wrong  rifling,  and  therefore  they  are  obliged  to  invent  this  ingenious  bad  powder  in  order  to  suit  this 
wonderfully  ingenious  bad  rifling.  That  is  the  present  state  of  the  matter.  And  lastly,  because  they 
did  invent  an  abominable  mode  of  breech-loading  which  was  dangerous  and  intolerable,  they  said, 
"  Dear  me,  it  will  never  do  to  say  that  our  plan  of  breech-loading  was  abominable,  that  would  never  do. 
Therefore  we  must  say  the  whole  system  of  breech-loading  is  abominable."  "  Happy  idea  !"  said  the 
other  fellow.  Accordingly  they  said,  "Breech-loading  is  abominable  :  we  have  tried  breech-loading; 
you  see  there  is  a  field  covered  with  guns — breech-loaders — and  not  one  of  them  is  of  the  least  use. 
Breech-loading  is  therefore  no  good,  and  we  will  avoid  breech-loading."  In  other  countries  they  have 
beautiful  breech-loading  guns  which  answer  every  purpose,  and  nothing  but  that  series  of  blunders 


ON  NAVAL  GUNS. 


67 


which  we  would  not  honestly  come  forward  and  frankly  acknowledge,  has  driven  us  into  pretending 
that  breech-loading  is  bad  and  wrong,  and  that  wo  must  cobble  up  with  this  underground  work,  or 
some  other  work,  in  order  to  avoid  the  blunders  wc  have  made.  My  Lord,  I  say  in  one  word  that  if  any 
Government  will  say  to-morrow,  "We  want  a  perfect  new  gun  without  any  reference  to  this  system  ;" 
if  they  will  say,  "  Give  us  a  perfect  rilling ;  give  us  a  perfect  structure  of  gun ;  a  well-organised 
cartridge  ;  give  us  such  a  bore  to  the  gun  as  shall  enable  the  gun  to  drive  out  the  shot  instead  of 
bursting  the  gun ;"  then,  "  Let  these  guns  be  continuous  from  end  to  end,  and  we  will  not  accept  a 
bit  of  patchwork  ;" — if  you  -will  only  make  that  request  as  a  Government,  and  say  that  is  wanted,  I 
undertake  that  within  twelve  months  tlie  ingenuity,  science,  industry,  and  skill  in  steel  and  other 
matters  in  this  country  will  give  you  perfect  guns  ;  but  if  you  do  not  al)solutely  aljandon  everything 
you  have  got,  then  you  cannot  mix  up  anything  with  it  without  making  the  old  muddle  over  again. 

Mr.  John  E.  Eaveniiill  :  My  Lord,  I  will  not  occupy  the  time  of  the  meeting  very  long  on  a 
subject  I  know  so  little  about ;  but  it  fell  to  my  lot  some  few  years  ago  to  superintend  the  tooling  up 
of  some  wrouglit-iron  guns  which  were  sent  to  our  factory  by  a  friend  with  a  view  of  having  them, 
when  completed,  forwarded  to  India.  Those  guns  were,  perhaps,  some  of  the  earliest  made,  and  were 
forged  solid.  The  difficulty  with  thera  proved  to  be  the  inability  at  that  time  to  ensure  soundness  of 
material  towards  the  centre  of  the  forging.  His  idea  was  to  introduce,  if  possible,  the  wrought  iron 
gun  in  lieu  of  the  field  gun  in  use  at  that  time  in  India.  Ho  preferred  to  adopt  the  breech-loading 
system.  The  guns  were  finished,  and  they  were  sent  down  to  Woolwich,  where  they  were  proved 
and  tried,  and  the  result  of  those  proof  trials  was  against  the  guns.  I  think  four  went  down  of 
different  sizes,  and  in  no  one  case  was  the  metal  sufficiently  sound  and  good  towards  the  centre  to 
stand  the  tests  that  were  imposed  on  the  gun  when  under  the  inspection  of  the  then  Woolwich 
authorities.  But  since  that  time  changes — great  changes — have  taken  place,  and  there  can  be  no 
doubt  that  at  the  present  moment  if  the  authorities  at  Woolwich  had  to  commence  again  forging 
large  wrought  iron  guns,  they  would  adopt  other  means  than  those  which,  according  to  Mr.  Scott 
Eussell,  they  have  used  in  producing  fragments — so  many  fragments  equalling  one  gun.  I 
think  he  was  a  little  hard  on  the  Woolwich  authorities,  because  really  at  the  time  when  these 
large  guns  were  first  commenced  I  believe  the  system  they  adopted  was  considered  equal  to 
anything  that  was  then  known.  There  can  be  no  doubt  that  by  hydraulic  pressui-e,  or  with 
Sir  Joseph  Whitworth's  fluid  compressed  steel,  vast  improvements  have  been  made,  and  my  own 
opinion  is  that  we  are  on  the  eve  of  great  changes,  and  that  we  shall  see  steel  guns  introduced. 
Now  while  parties  are  scheming  for  the  introduction  of  new  guns  and  using  a  new  material, 
I  will  simply  say  to  them,  I  advocate  the  breech-loading  system.  As  a  practical  man  I  advocate 
it,  and  I  would  ask  naval  officers — and  many  of  them  I  know  are  very,  very  fond,  when  they 
get  ashore,  of  using  an  ordinary  fowling-piece — whether  they  could  not  from  just  that  practical  day's 
shooting,  say  what  a  vast  improvement  is  obtained  with  an  ordinary  breech-loading  fowling-piece 
over  the  old  muzzle-loader.  I  say  to  them,  think  over  that,  and  I  believe  it  is  a  matter  which 
will  become  practicable.  Give  that  practicability  for  the  benefit  of  Jack,  and  you  will  then  take  one 
step  in  the  future,  which  is  this — that  you  will  never  hear  of  a  gun  bursting,  or  its  being  suggested 
that  a  gun  burst,  from  receiving  a  double  charge. 

Mr.  Michael  Scott  :  I  ask  leave,  my  Lord,  to  say  just  one  word.  The  conclusion  which  fi-om 
theoretical  considerations  I  arrived  at  years  ago  was  this — that,  neglecting  friction  and  mechanical  im- 
perfections, the  power  to  produce  rotation  of  the  shot  with  uniform  pitch  was  about  1 J  per  cent,  of  the 
projectile  force.  I  will  just  make  one  remark  with  regard  to  steel,  because  it  is  a  subject  with  which 
I  happen  to  be  practically  acquainted.  We  all  know  what  Sir  Joseph  Whitworth  has  done  in  comiection 
with  compressed  steel,  and  I  have  no  doubt  he  will  do  still  more.    I  have  reason  to  beheve  that 
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such  pieces  as  hoops  for  guns  of  compressed  steel  could  now  be  produced  at  a  lower  price  than  wrought 
iron  rings. 

Mr.  C.  W.  Merrifield  :  I  think,  my  Lord,  that  I  have  very  little  indeed  to  say,  because  there  have 
been  very  fevr  observations  that  I  could  reply  to.  I  may  say,  with  regard  to  the  observations  that 
fell  from  Mr.  Macfarlane  Gray,  that  I  cannot  quite  agree  with  his  theory  as  to  permanent  stress.  It 
seems  to  me  that  the  gun  which  he  proposes  is  very  much  in  the  condition  of  first  straining  a  rope  to 
the  greatest  tension  it  will  bear,  and  then  putting  an  extra  weight  on  it.  With  regard  to  Captain 
Scott's  observations  about  the  doubts  as  to  breech-loading  in  Germany,  it  is  quite  true  that  I  have 
heard  those  doubts  expressed,  but  I  rather  think  it  is  with  the  older  natures  of  breech-loaders  used  in 
Germany  than  with  the  more  recent  guns.  At  any  rate,  I  find  Prussian  officers  are  not  so  dissatisfied 
Avith  their  guns  as  to  propose  in  any  way  to  revert  to  muzzle-loading.  With  regard  to  what 
fell  from  Admiral  Selwyn  as  to  the  dangerous  gas  getting  out  more  seriously  in  breech-loading,  I 
have  no  doubt  that  is  the  case  where  bad  powder  is  burnt,  and  I  suppose,  under  any  circumstances, 
if  the  breech  of  a  gun  is  to  be  thrown  open,  especially  with  the  wind  blowing  down  the  muzzle, 
in  a  confined  turret,  some  means  would  have  to  be  taken,  so  that  the  gas  would  blow  out  of  the 
gun  in  some  other  way,  instead  of  back  into  the  turret.  That  presents  no  mechanical  difficulty ; 
it  merely  wants  a  fan,  or  a  blower  of  some  sort,  which  involves  no  complication  whatever.  I  think 
these  are  all  the  remarks  that  I  have  to  make.  To  tell  the  truth,  I  am  disappointed  to  find  that 
I  have  so  little  to  reply  to.  I  was  in  hopes  there  would  have  been  a  little  opposition  to  my 
views  ;  but,  as  it  is,  I  can  only  thank  the  meeting  for  the  attention  they  have  given  me. 

The  President  :  I  am  sure  we  shall  all  thank  Mr.  Merrifield  for  having  contributed  a  short 
paper  but  a  very  valuable  paper — a  very  well  written  paper,  on  a  subject  which  at  this  moment, 
always  indeed,  but  especially  now,  is  one  of  the  greatest  possible  moment.  I  have  listened  with 
great  interest  to  the  discussion  that  it  has  led  to  ;  I  regret,  with  Mr.  Merrifield,  that  the  discussion 
has  not  been  longer,  because  we  cannot  hear  too  much  of  such  an  important  subject.  I  am  sorry 
to  say  that  my  engagements  will  not  allow  me  to  attend  the  evening  meeting ;  but  my  friend, 
Mr.  Barnaby,  one  of  the  Vice-Presidents,  has  been  kind  enough  to  say  he  will  take  the  chair. 


ON  THE  TEUE  NATUEE  OF  THE  WAVE  OF  TRANSLATION,  AND  THE  PART  IT 
PLAYS  IN  REMOVING  THE  WATER  OUT  OF  THE  WAY  OF  A  SHIP 
WITH  LEAST  RESISTANCE. 

By  J.  Scott  Russell,  F.R.S.,  Vice-President. 

[Read  at  the  Twentieth  Session  of  the  lustitutiou  of  Naval  Architects,  3rcl  April,  1879, 
N.  Baknaby,  Esq.,  Vice-Presideut,  in  the  Chau'.] 

The  Chairman  :  Gentlemen,  we  are  to  have  the  pleasure  of  receiving  from  Mr.  Scott  Russell  this 
evening  the  first  part  of  the  paper  on  "  The  Wave  of  Translation."  The  second  part  of  the  paper  will,  we 
hope,  be  given  to-morrow  evening.*  It  is  not  proposed  to  take  any  discussion  on  Mr.  Scott  Russell's 
paper  this  evening,  and  we  hope  to  be  able,  after  he  has  read  the  first  part,  to  take  some  papers  of 
the  gentlemen  who  are  named  here,  on  "  Screw  Propulsion."  Y^ou  heard  this  morning  that  of  the 
papers  which  were  sent  in  for  competition  for  the  Carlyle  Gold  Medal,  Mr.  Maginnis  had  prepared 
that  which  was  considered  by  the  Council  to  be  the  best,  and  the  Gold  Medal  has  been  awarded  to 
him.  The  papers  appearing  here  in  the  names  of  Mr.  Maginnis,  Mr.  Griffiths,  Mr.  Riley,  and  the 
Honotirable  Mr.  Parsons,  have  also  been  considered  by  the  Comicil  to  be  good  papers  which  might  be 
read,  provided  we  have  the  time  for  reading  them  ;  but  that  will  remain  to  be  seen. 

Mk.  Scott  Russell  :  The  "  wave  lines  "  of  a  ship,  and  the  "  waveprinciple  "  of  least  resistance, 
are  already  so  well  known  to  naval  constructors,  that  it  had  for  many  years  seemed  to  me  un- 
necessary to  trouble  the  members  of  my  profession  with  any  further  explanation  on  my  part, 
either  of  the  nature  of  the  wave  which  removes  the  water  out  of  the  way  of  a  ship,  or  of  tlie 
nature  and  measure  of  the  work  it  does  in  the  act  of  removal.  But  a  paper  read  at  this  Institu- 
tion last  year,  and  some  papers  printed  elsewhere,  have  shown  that  it  is  still  possible  to  mis- 
understand the  nature  of  the  wave  of  the  first  order ;  to  misconceive  the  function  it  performs 
in  the  removal  of  the  water,  and  therefore  to  misapply  it,  hy  using  mis-shapen  forms  of  so- 
called  wave  lines.  I  therefore  feel  it  a  duty,  for  which  I  am  responsible,  not  to  leave  any 
important  part  of  the  fundamental  truths  of  wave  line  construction,  or  wave  nature,  either 
ambiguous  or  obscure,  and  I  must  express  my  regret  that  my  former  explanations  should 
have  left  it  possible  that  they  could  either  be  misunderstood,  misrepresented,  or  misapplied. 

In  the  process  of  removal  of  water  out  of  the  way  of  a  ship  two  actions  go  on  together. 
One  is  "what  the  ship  does  to  the  water:"  this  is  confined  to  the  actual  contact  of  the 
surface  of  the  ship  with  the  water  it  forces  away.  The  other  is  "  what  the  particles  of  water 
do  to  the  other  particles  of  water,"  none  of  which  are  touched  by  the  ship.  The  nature  of 
the  blow  with  which  the  ship  strikes  the  water,  that  is  the  shipbuilder's  doing,  that  is  his 
free  choice.    The  nature  of  the  movement  the  water  will  take,  what  direction  it  will  select, 

*  For  tlio  conveuicuce  of  tlic  reader,  both  parts  of  Mr.  Scorr  Kcssell's  paper  are  placed  together. 
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what  speed  it  will  keep,  what  shape  it  will  assume,  that  is  a  matter  over  which  the  ship- 
builder and  his  ship  have  no  control.  The  blow  once  delivered  to  the  water,  all  its 
consequences  depend  on  the  choice  of  the  particles  of  the  water,  as  to  what  each  particle  will 
choose  to  do,  each  and  all  acting  in  harmony  with  each  other.  Now  it  appears  to  be  the 
thought  of  some  of  the  able  writers  on  this  subject,  that  if  the  blows  delivered  by  the  ship, 
to  the  water  it  strikes,  are  given  in  the  right  quantity,  the  quality  of  the  blow  matters  little, 
the  direction  in  which  the  water  particles  are  hit  matters  little,  the  speed  it  is  hit  matters  less  ; 
what  is  wanted  is  a  given  blow  of  a  given  quantity.  They  think,  and  say,  that  all  the  rest  will  be 
settled  among  the  particles  themselves,  and  need  not  concern  the  ship  or  its  builder.  This 
I  shall  show  you  to  be  a  fatal  error,  in  thought,  in  fact,  and  in  practical  work.  It  is  an  error 
of  old  tradition,  disproved  by  fact  of  experience,  and  tests  of  experiment  over  and  over  again, 
but  it  is  a  natural  thought,  a  seductive  error,  and  its  adoption  is  difficult  to  resist.  The  nature 
of  this  error  is  as  follows  : — 

Take  two  ships'  fore  bodies  alike  in  length,  breadth,  and  bulk,  alike  in  si/e  of  midship 
section,  differing  only  in  shape  of  line;  let  the  one  have  water  lines  like  the  wave  form,  the 
other  water  lines  like  a  fish ;  then,  say  they,  so  long  as  the  bulks  in  water  at  like  distance 
from  the  bow  are  alike,  the  one  shape  is  as  good  as  the  other,  the  resulting  work  done  by  the 
ships  will  be  ahke.  (See  Figs.  12,  13,  PI.  IV.) 

What  is  to  be  said  in  this  case  is,  that  the  mass  to  be  removed  is  in  both  alike,  and 
that  the  manner  of  the  removal  is  quite  different.  What  is  not  true  is,  that  the  manner  of 
removal  does  not  matter,  so  long  as  the  bulks  of  matter  to  be  moved  in  equal  times  are  alike. 
I  have,  therefore,  now  to  show  the  important  truth  that  the  manner  of  the  removal  is  of  the 
essence  of  the  result  at  which  we  aim — namely,  how  to  remove  the  given  mass  of  water  out 
of  the  way  of  the  ship  with  the  least  possible  resistance. 

For  this  purpose,  I  say — 

We  must  remove  it  to  the  right  place. 
We  must  take  it  along  the  right  way. 
We  must  place  it  at  the  right  time. 

These  are  the  essence  of  our  aim  and  the  conditions  of  our  work,  which  cannot  be 
neglected. 

I. 

Thus  we  have  three  problems  to  work  out — 
] .  Where  shall  we  place  the  removed  water  ? 

We  must  place  it  where  there  is  room.  Is  that  room  below  the  water  ?  No,  is  the 
answer,  below  is  full.  Is  there  not  room  on  either  side  ?  No,  all  round  about  is  already  full. 
The  answer  then  is.  Nowhere  under  water  is  there  any  room  ;  all  is  full. 

Now  the  essence  of  the  proposed  work  for  this  erroneous  form  of  ship  must  be  to  remove 
the  water  downwards  and  outwards  into  the  space  where  there  is  no  room  left  for  more. 

Our  conclusion,  therefore,  is  that  the  only  place  into  which  the  water  in  the  way  of  a 
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«hip  can  be  removed,  must  be  into  the  space  left  free,  and  that  space  is  above  the  level,  not 
below. 

II. 

The  second  problem  is — 

Along  which  path  shall  we  remove  the  water  in  our  way  out  into  the  free  space  left  for 
it,  on  the  top  of  the  water  level  ? 

To  think  out  this,  let  us  take  a  smooth  basin  of  still  water.  Let  us  take  an  instrument 
— say  a  spade,  an  oar,  or  any  thin  flat  plane — through  which  we  can  get  the  water  out  of  the 
■way.  Next,  let  us  ask,  which  is  the  nearest  way  to  the  top  of  the  water  level  ?  The 
answer  is  straight  upwards,  or  square  to  the  water's  upper  face. 

If  we  simply  lift  or  raise  the  hindering  matter  right  up  out  of  the  way,  and  lay  it  on  the 
top  of  the  water,  while  our  ship  takes  the  vacant  place  below,  that  will  do  what  we  want,  and 
that  will  be  the  shortest  way. 

Straight  up  to  the  top  of  the  water  is  the  shortest  way  to  take  the  obstructive  water 
into  free  space. 

III. 

The  third  problem  is — At  what  time  shall  we  take  the  water  up  there,  and  how  shall 
we  lay  it  out  on  the  surface  so  as  to  offer  little  or  least  obstruction  by  being  up  there  all  around  ? 

Now  it  is  plain  that  if  each  portion  of  water,  as  sent  upwards,  were  left  just  above  where 
it  was  found,  only  on  the  surface,  this  water  once  moved  might  have  to  be  removed  a  second 
time.    This  gathering  of  removed  water  is  a  cause  of  great  hindrance  in  ill-shapen  ships. 

We  must  therefore  make  a  serious  study  of  the  time  and  place  of  removal,  and  the 
wise  means  of  effectually  doing  it. 

The  wave  principle  shows  how  to  time  the  removals,  and  the  wave  form  of  ship  gives 
us  the  tool  to  do  it. 

The  matters  discussed  in  this  paper  are  therefore  twofold — the  Nature  of  the  Ship,  and 
the  Needs  of  the  Ship-builder ;  and  the  Nature  of  the  Wave,  and  the  Work  it  does  in 
removing  the  Water  out  of  the  Way  of  the  Ship. 

Part  I. 

The  Nature  of  the  Ship,  and  the  Needs  of  the  Ship-builder. 

It  is  the  purpose  of  a  ship  to  carry  valuable  cargo  from  place  to  place  with  least  waste 
of  time,  work,  and  money. 

It  is  the  duty  of  the  ship-builder  to  plan  and  build  his  ship  so  that  it  shall  fulfil  the 
purpose  of  the  owner,  and  do  his  work  with  least  loss  of  time  and  least  expenditure  of  power 
and  money. 

Now,  in  all  ships,  and  especially  in  steam-ships,  the  propelling  power  is  a  principal 
element  of  cost.  Large  sail  power  means  large  sails,  masts,  and  yards,  and  large  crew. 
Large  horse-power  means  large  room  for  boilers,  engines,  and  fuel,  and  each  ton  of  room 
taken  from  cargo  and  given  to  fuel  involves  double  loss — cargo  kept  out  and  coal  spent. 
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Great  propelling  power,  large  steam-machinery,  great  coal  stores,  are  the  great  sources 
of  cost  and  causes  of  waste  in  modern  commerce  on  the  ocean,  and  the  matters  we  have  to 
examine  are — How  we  can  economise  the  resources  of  the  ship-ow^ner,  in  better  engines, 
better  boilers,  better  ships. 

How  to  economise  the  power  which  propels  the  ship  by  size,  proportion,  and  shape  of 
ship  is  the  special  problem  before  us  as  ship-builders;  and  that  problem,  put  in  other 
words,  is,  to  give  the  ship  that  shape  which  will  go  through  the  water  at  the  wanted  speed 
with  least  waste  of  power.  This  shape  we  are  accustomed  to  call  the  Form  of  Least 
Resistance.  This  form  Sir  Isaac  Newton  took  to  be  the  paraboloid.  I  have  ventured  to 
propose  the  wave-line  as  more  perfect  for  ships.  I  propose  on  this  occasion  to  show,  by 
proceeding  from  established  axioms  of  physics,  by  incontestable  principles,  and  by  geometric 
method,  that  the  wave  form  of  ship  enables  the  power  propelling  that  ship  to  go  forward 
through  water  on  the  surface  of  the  sea,  so  as  to  experience  least  resistance  from  the  water 
outside,  and  to  waste  least  of  the  propeUing  power  inside. 

I.  Axiom. — Change  of  place  with  least  resistance  implies — using  least  moving  force, 
following  the  shortest  path,  removing  the  least  mass  to  the  least  distance. 

n.  Axiom. — Waste  of  power  means — moving  more  mass  than  necessary,  giving  it  more 
speed  than  necessary,  carrying  it  farther  than  necessary. 

III.  Problem. — Thus  the  problem  becomes — How  to  take  a  given  mass  (of  water)  out 
of  one  place  (where  it  rests),  and  carry  it  on  to  another  place,  with  given  speed,  and  to  leave 
it  in  that  new  place  perfectly  at  rest. 

To  carry  it  farther  or  faster  than  needed,  or  to  part  from  it  while  still  in  motion,  is  so 
much  power  wasted. 

IV.  Principle. — To  move  a  given  mass  of  matter  out  of  rest  into  motion  by  least  force 
implies  a  constant  force  and  accelerating  velocity  like  that  of  gravity.  To  restore  the  moving 
mass  to  rest  requires  retarding  constant  force,  diminishing  that  velocity  to  nothing. 

V.  Experiment. — Take  Attwood's  Gravitation  Apparatus.    A  mass  of  matter,  parted  in 
halves,  joined  by  a  thread,  hung  over  a  wheel,  and  at  rest,  the  whole  mass  weighing  2  lbs. 

Take  a  moving  force  of  two  ounces  (a  2  oz.  weight),  and  lay  it  on  one  side  for  one 
second  of  time,  it  will  move  the  whole  mass  one  foot  (nearly).  Take  it  off  and  place  it 
(at  once)  on  the  other  side,  and  leave  it  there  ;  it  will  move  the  contrary  way,  and  will  be 
found  at  rest  in  the  new  place  at  the  end  of  another  second  of  time.  (See  Fig.  1,  PL  III.) 

VI.  Conclusion. — The  whole  of  the  moving  force  stored  in  the  two  ounces  was  used  in 
the  first  phase  of  motion  in  producing  the  due  speed.  The  force  thus  spent  carries  the 
whole  mass  through  a  second  foot  in  the  same  direction,  and  is  thus  utilised  to  carry  the  mass 
along  a  double  distance,  while  it  at  the  same  time  restores  the  2  oz.  force  to  its  original  place. 

Here  we  have  an  example  of  the  simplest  manner  in  which  a  moving  force  may  be 
applied  to  remove  a  mass  in  repose  from  one  place  and  carry  it  by  a  uniform  force  with 
accelerating  speed  to  another  place,  and  then  to  carry  it  with  retarding  speed  and  uniform 
force  to  a  further  place  twice  as  far  off,  and  deposit  it  there  at  rest. 

In  this  process  there  is  nearly  no  waste  and  no  loss  of  power,  and  the  work  done  cannot 
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be  done  by  less  power  or  with  less  waste,  and  therefore  may  be  said  to  be  done  with  no  loss 
and  no  waste,  or  at  minimum  cost. 

VII. — Application. — This  leads  us  to  the  case  of  the  ship,  and  her  action  on  the  water. 
The  ship,  by  help  of  her  driving  power,  has  to  remove  the  water  out  of  her  way.  The  ship- 
owner wishes  this  done  with  the  least  waste.    The  ship-l)uildcr  has  to  find  how  to  do  it. 

Let  us  consider  this  matter  in  its  simplest  form.    A  mass  of  matter  is  lying  at  rest  in 
the  way  of  the  ship.    It  has  to  be  moved  out.     The  questions  which  arise  are — Which  way 
shall  we  take  it  out  ?  and,  Wliere  shall  we  lay  it  ?    Thus  come  the  questions  : 
Questions — Which  is  the  shortest  way  ? 

Which  is  the  convenient  place  ? 
What  time  have  we  for  the  work  ? 
Take  a  surface  of  still  water. 

Take  a  water-way  to  be  cleared,  6  ft.  deep  and  12  ft.  wide,  one  half  on  the  right  of  the 
stem,  the  other  left. 

Here,  then,  we  see  that  for  each  foot  of  the  ship's  way  forward  a  mass  of  3G  cubic  feet, 
weighing  36  by  64 lbs.,  has  to  be  cleared  out,  lifted  up,  and  laid  out  above  the  water  level. 
That  is  the  work  to  be  done  on  the  two  sides  of  the  stem. 

Question  I.— Which  is  the  Shortest  Way  ?  (See  Fig.  2,  PI.  III.) 

It  is  plain  that  the  shortest  way  out  is  the  line  perp'^ndiculav  to  the  surface  level,  the 
upright  path.  Also  it  is  plain  that  all  other  ways  are  already  occupied  by  other  water,  which 
we  have  no  need  to  move.  The  only  free  space  left  to  us  is  the  vacant  room  above  the 
water,  and  every  other  way  is  hindered  by  a  longer  column  of  water  already  occupying  it. 
This  is  the  shortest  way  out,  and  it  is  the  only  free  way. 

Question  II. — Which  is  the  Convenient  Place  ?    (See  Figs.  3  and  5,  PI.  III.) 

The  convenient  place  must  be  either  that  which  is  nearest  to  hand  or  that  which 
requires  least  eflbrt  to  place  it  there.  Now  both  of  these  depend  on  the  "  manner  of  distri- 
bution "  of  the  mass  when  removed.  If  the  mass  be  piled  up  to  a  great  height  the  distance 
it  must  be  raised  above  the  level  will  be  "  added  to  "  the  distance  raised  from  below,  therefore 
this  height  of  removed  mass  above  the  level  should  be  minimised.  If  the  whole  mass  in 
the  ship's  way  were  lifted  above  the  level  without  change  of  shape,  its  centre  of  gravity  would 
be  raised  twice  as  high  as  its  depth  in  repose  below  the  level.  This  excess  has  to  be 
minimised.  The  way  to  minimise  this  excess  is  "to  contrive  how  to  spread  out  the 
displaced  mass  over  the  largest  area,"  so  as  to  reduce  the  added  height  to  a  minimum. 

Question  III. — What  Time  have  we  in  which  this  work  may  be  done  ? 

The  time  given  is  involved  in  the  speed  wanted  for  the  ship,  and  the  length  allowed  for 
the  entrance.  If  the  speed  wanted  were  ten  miles  an  hour,  or  16  ft.  a  second,  and  the 
length  of  ship's  entrance  were  32  ft.,  all  this  work  of  removal  and  distribution  would  have 
to  be  completed  in  two  seconds  of  time  ;  but  if  the  length  of  entrance  allowed  were  64  ft., 
there  would  be  four  seconds  of  time  allowed  for  it;  and  with  an  entrance  of  128  ft.  lono- 
eight  seconds  would  be  the  time  given  for  the  work. 

VIII. — Mechanism  of  Execution. — We  have  now  got  the  problem  clearly  defined.  The 
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water  in  the  ship's  way  must ,  be  raised  up  vertically  to  give  the  shortest  way  out.  It  must 
when  raised  up  be  spread  wide  out  in  order  to  diminish  the  vertical  height  to  a  minimum. 
The  maximum  length  of  time  must  be  given  for  the  work  by  length  of  ship's  entrance,  or 
length  of  bow.    (See  Fig.  14,  PI.  IV.) 

The  wave-line  bow  is  the  form  which  generates  the  perfect  wave  of  the  first  order. 
This  wave  raises  the  water  below  the  level  in  a  vertical  column  upwards  along  the  shortest 
way  out,  and,  without  further  cost,  spreads  it  horizontally  over  a  wide  wave  area,  at  a  small 
height,  and  the  wave  line  gives  the  necessary  length  of  time  to  do  the  work  without  waste. 

IX. — The  manner  in  which  the  Wave-line  Bow  generates  its  Wave  of  Translation  is  as 
follows  :—    (See  Fig.  15,  PI.  IV.) 

The  upright  stem,  made  fine  and  thin,  may  be  considered  as  a  vertical  plane  at  right 
angles  to  the  cross  section  of  the  ship,  and  having  motion  given  to  it  outwards  from  the 
central  line  of  keel.  The  motion  of  the  ship  forwards,  introducing  a  wider  part  of  the 
ship,  gently  moves  this  vertical  plane  outwards,  and  gently  moves  the  water  outward  with  it. 
If  the  time  given  were  eight  seconds  for  the  length  of  bow,  and  100  inches  for  half  the  beam 
of  the  ship,  then  in  each  half  second  the  vertical  plane  would  push  the  water  aside  through 
the  following  spaces  in  successive  times  : — 

Half  seconds— 1,  2,  3,  4,  6,  6,  7,  8;  9,  10,  11,  12,  13,  14,  15,  16. 

Removals— 1,  3,  5,  7,  7,  8,  9,  10;  10,  9,  8,  7,  7,  5,  3,  1. 

Total  Times— 1,  1,  l^-,  2,  2^,  3,  31  4;  4^,  5,  5|,  6,  6i  7,  7^,  8. 

Total  Removals— 1,  4,  9,  16,  23,  31,  40,  50;  60,  69,  77,  84,  91,  96,  99,  100. 

Thus  the  vertical  side  of  the  bow  becomes  water-mover,  and  the  generator  of  the  wave 
of  translation. 

These  successive  removals  by  the  bow  generate  at  each  instant  the  heights  due  to  the 
velocities  of  removal,  and  these  heights  are  the  isochronous  heights  of  the  wave  of 
translation.    (See  Figs.  6  and  7,  PI.  III.) 

Thus  the  work  the  ship  does  is  to  generate  the  wave  of  translation,  and  what  the  wave 
of  translation  does  is  to  carry  off  the  moved  volume  of  water  horizontally  and  laterally  out 
of  the  way. 

For  all  that  follows  we  m.ust  seek  our  knowledge  from  the  study  of  the  nature  and 
laws  of  the  water  motions  in  the  wave  of  translation.  And  we  must  look  there  also  for  the 
influence  of  depth  of  the  sea  on  the  dimensions  and  velocity  of  the  wave  of  translation. 

Paet  II. 

The  Nature  of  the  Wave,  and  the  Work  it  does  in  removing  the  Water  out  of  the  Way  of  the  Ship. 

1.  — How  can  the  wave  of  translation  remove  a  mass  of  still  water  out  of  one  place,  and 
lay  it  in  a  new  place,  and  leave  it  there  in  a  state  of  perfect  repose  ? 

2.  — How  can  a  wave  of  translation  be  created  by  a  ship  so  as  to  do  this  work  with  least 
waste  ? 
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The  genesis  of  a  wave  of  translation  without  waste  can  be  done  as  follows : — 
Given — A  sheet  of  still  water. 

A  thin,  flat,  smooth,  strong  hoard. 
A  power  to  move  this  board. 
Place  this  board  upright  in  the  water. 
Push  the  board  forward  1  inch. 
Push  it  3  inches  more,  then  5  inches,  then  7. 
Push  it  further,  7,  8,  9,  and  10  inches. 
All  at  one  rate. 

Each  movement  in  the  same  time.    (See  Diagram  XI.  PI.  IV.) 
Now  slacken  the  speed — 
Move  on  10,  9,  8,  and  7  inches, 
Next  7,  5,  3,  and  1  inch, 
Coming  to  Rest.  Stop. 
You  have  removed  the  water. 
You  have  sent  it  to  a  new  place. 
The  water  rests  in  a  new  place. 

You  have  created  the  wave.    (See  Diagram  IX.  PI.  IV.) 
But  the  wave  created  flies  onward  afar. 
The  wave  genesis  is  finished. 

The  water  is  removed  out  of  the  former  place  and  is  left  at  rest  in  its  new  place. 
This  double  process  of  genesis  consists — 

In  gradual  acceleration,  followed  by  gradual  retardation,  producing — 

1.  Growing  speed. 

2.  Maximum  speed. 

3.  Diminishing  speed. 

4.  Repose.    In  translation.  Completed, 

The  complete  translation  consists  of  100  inches  of  forward  removal  of  the  whole  mass 
of  water  pushed  into  the  new  place,  and  left  there.    (See  Diagram  X.  PI.  IV.) 
This  removal  completed,  and  the  mass  deposited,  what  are  its  consequences  ? 

The  mass  removed  has  found  a  new  place. 
This  new  place  was  occupied  by  another  mass. 
This  displaced  mass 


must  in  turn  have  a  new  place. 


This  new  place  is  now  occupied  by  mass 
to  place. 

In  place  and  out  of  place  must  therefore  go  on  as  follow^s 

\T]  shifted  into  \J]  into 

so  on  endless. 


Therefore 


mass  must  go 


into  1^^.  [  4  I  into  5,  5  into  6,  and 
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In  successive  times  these  displacements  will  take  the  following  phases : — 


I  1  I 


1  1  2, 

2 

1  0 

1 

3, 

|3| 

0 

1 

2 

4, 

1 

2  1  3  5, 

5 

0 

1  2 

3    4  1  6, 

And  so  on  endless. 


There  is  thus  presented  to  our  thought  an  endless  series  of  masses  taken  from  their 
place,  raised  up  above  their  level,  carried  forward,  settled  into  a  new  place,  whence  another 
mass  has  been  already  displaced,  raised  above  the  level,  and  also  set  down  in  a  new  place ; 
and  so  on,  each  after  each,  endless. 

This  series  of  consequences  of  a  single  act  of  moving  a  single  mass  forms  a  succession 
of  phenomena  endless  in  number,  endless  in  time,  continuing  ever  onwards  one  way. 

But  because  this  countless  series  of  changes  continues  going  forward  changeless  the 
same  way  in  endless  repetition,  we  have  given  one  name  to  the  whole  endless  series,  we  call 
them  all  together  "a  wave."  One  wave — as  if  it  were  only  one  mass  of  matter  travelling 
onwards.  Whereas  it  is  nothing  of  the  kind,  but  is  thought  of  by  us  as  if  it  were  one  thing, 
keeping  shape  while  changing  place. 

What  we  have  to  keep  in  mind  is  the  perpetual  change  of  substance  and  matter,  while 
the  shape  and  bulk  are  unchanged,  and  only  the  place  filled,  constantly  going  forward  one 
way,  the  seeming  unity  being  merely  endless,  changeless  change. 

Having  now  effected  by  a  simple  forward  movement  of  a  flat  plate,  in  a  regulated 
manner,  the  displacement  of  a  given  mass,  in  such  manner  as  to  be  followed  by  an 
endless  number  of  like  displacements  flowing  from  it,  as  efiects  from  cause,  in  like  manner 
and  endless  uniformity  of  mass  and  bulk,  we  may  now  take  a  new  step  in  thought  and  fact. 

What  is  the  nature  of  the  mechanism  by  which  our  single  phase  of  removing  one  mass 
from  one  place  is  repeated  over  many  places  and  continued  onward  ? 

Wave  Mechanism. 
Ths  question  may  be  put  in  another  equivalent  form. 

Wbat  docs  each  atom  of  water  endure  while  the  wave  is  being  created  ?  And  what  does 
each  atom  do  aftrcwards  while  it  takes  its  pai't  in  continuing  and  repeating  the  process  of 
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leaving  one  place,  driving  another  atom  out  of  its  place,  and  assuming  for  itself  the  place 
thus  taken  ? 

The  answer  is  neither  simple  nor  easy.  We  must  treat  this  wave  motion  in  due  analogy 
with  other  known  mechanical  motions.    (See  Fig.  8,  PI.  III.) 

To  represent  time,  take  the  round  face  of  a  clock.    The  circle  of  the  second-hand 
may  suit  us  hest. 

To  represent  the  raising  of  an  atom  of  water  up  or  letting  it  down,  take  the  length  of 

the  second-hand  of  the  clock  as  measure  of  height. 
Between  those  two,  the  times  shown  around  the  clock  face,  and  the  height  fallen  hy  an 

atom,  and  measured  by  the  hand  of  the  clock,  there  is  a  wondrous  and  close 

bond. 

When  I  take  an  atom  of  water,  raise  it  above  the  atoms  next  to  it,  and  then  let  it  fall 
gently  down,  it  gently  raises  its  neighbour  to  the  height  whence  it  falls  and  leaves  it  there^ 
while  itself  remains  at  rest  where  it  has  fallen. 

The  fall  of  the  one  atom  takes  time.  The  rise  of  the  other  atom  takes  time.  The 
question  of  time  we  must  seek  from  "  the  round  of  our  clock.'' 

Let  ten  inches  be  agreed  as  the  fall  of  our  atom,  and  ten  inches  be  given  as  the  face  of 
our  clock. 

If  we  now  set  the  clock  face  and  falling  atom  side  by  side  ;  if  we  mark  the  place  of  the 
falling  atom  and  the  falling  hand  of  the  clock,  and  also  mark  the  place  of  the  rising  atom 
and  the  rising  hand  of  the  clock ; 

We  shall  find  the  following  relations  of  place  and  time ;  the  ascending  hand  going 
round  falls;  and  just  so  far  does  the  descending  atom  going  straight  fall.  The  ascending 
hand  going  round  rises ;  just  as  much  does  the  ascending  atom  going  straight  rise. 

Thus  we  time  each  atom  going  down  and  each  atom  going  up  exactly  by  the  hands  of 
the  clock,  and  the  measure  of  the  fall  and  rise  of  the  atom  is  identical  with  the  rise  and  fall 
of  the  opposite  ends  of  the  hand  of  the  clock  at  the  same  time. 

If  as  an  example  we  take  an  atom  falling  ten  inches,  and  the  time  of  descent — six 
instants — the  fall  will  be  as  follows  : — 


Fall. 
Inches. 

0-  0 

1-  3 

2-  5 
5-0 

7-  5 

8-  7 
10-0 


Time. 

Instants. 

0-0 

1 

3 
4 
5 
6 


Rise. 
Inches. 

10-0 
8-7 
7-5 
5-0 
2-5 
1-3 
0-0 


Time. 
Instants. 

6 
5 
4 
3 
2 
1 
0 


And  each  falling  atom  has  its  match  in  a  companion  rising  atom. 

We  have  now  found  a  way  of  moving  an  atom  of  water  so  as  to  connect  together  its 
change  of  place  with  the  flow  of  time,  in  our  own  thought.    The  question  now  presses  on 
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us,  can  we  create  this  regular  atom  movement  by  any  movements  or  mechanism  under  our 
own  control  ?    We  must  seek,  contrive,  or  construct  such  mechanism. 

The  mechanism  we  seek  is  a  mechanism  which  shall  produce  certain  desired  move- 
ments of  rise  and  fall,  in  given  equal  intervals  of  time,  among  atoms  of  still  water. 

Take  a  few  smooth  thin  sheets  of  glass  (or  ice?)  and  arrange  them  in  order,  upright, 
equidistant,  in  one  sheet  of  water,  parting  the  atoms  of  water  in  their  vertical  columns,  side 
by  side. 

Squeeze  the  first  plate  towards  the  second  plate,  so  as  to  raise  the  column  of  water 
between,  ten  inches  above  the  level  of  the  rest,  and  leave  it  there. 

Suddenly  raise  the  second  plate  from  the  bottom  so  as  to  let  the  water  between  I.  and 
11.  sink  to  the  level.  As  it  falls,  so  must  the  water  between  11.  and  III.  rise.  Then  press 
down  plate  II.  into  its  place  again,  and  mark  the  result. 

The  first  water  atom  has  gone  down  ten  inches.  The  second  water  atom  has  gone 
up  ten  inches,  and  both  are  at  rest,  each  in  a  new  place. 

But  it  might  be  said,  the  one  column  going  down  will  raise  the  other  half-way  up  when 
itself  is  half-way  down.  It  will  so.  They  will  then  be  on  the  same  level,  half-way  up  and 
half-way  down,  and  they  may  both  stay  there  at  rest.  They  both  would  stay  resting  there  if 
they  were  slowly  let  down  with  that  intent.  But  in  fact,  just  then  both  are  in  full  swing, 
each  its  own  way,  and  neither  can  stop  itself  nor  hinder  its  neighbour  till  both  have  made 
their  full  swing.    This  swing  ended,  leaves  I.  on  the  level,  II.  at  full  height. 

We  have  now  seen  how  by  suitable  mechanism  three  vertical  glass  plates,  dividing  two 
vertical  columns  of  still  water,  may  be  so  used,  that  plate  I.  raising  one  column  to  given 
height  and  stopping,  plate  II.  being  raised,  allows  that  column  gently  to  drop  ;  and  while 
dropping  to  push  a  second  column  gently  upwards ;  first  to  half  the  height  where  the  two 
meet,  each  in  full  swing,  one  down  and  one  up  ;  and  at  last  one  column  at  the  bottom,  and 
the  other  at  the  top.  Then  plate  II.  is  closed,  and  the  result  is : — the  first  column  has  gone 
back  to  the  first  level ;  the  second  column  has  gone  up  to  the  full  height  from  which  the 
first  has  gone  down. 

The  first  column  has  been  raised,  descended,  and  returned  to  rest.  The  second  column 
has  been  raised  to  the  height  from  which  the  first  fell,  and  stays  there.  Such  is  the  first 
complete  operation  ended. 

A  second  operation  may  now  begin. 

Between  plate  II.  and  plate  IV.  stands  plate  III.,  dividing  column  second  from  third. 
The  second  column  is  raised,  the  third  column  is  on  the  level. 

Now  open  the  communication  betwixt  them  by  raising  plate  III.  Allow  second  column 
to  descend  with  the  clock,  1*3,  2*5,  5'0,  7*5,  8'7,  ten  inches,  thus  compelling  the  third 
column  to  ascend  in  the  same  times  by  the  clock,  1*3,  2'5,  5*0,  7'5,  8*7,  ten  inches.  Now 
shut  off  all  communication  by  putting  down  plate  III.  into  its  place  again. 

The  results  are  : — columns  one  and  two  now  on  the  original  level.  Column  tbree  at  the 
full  height. 

Thus  a  second  complete  operation  has  boon  performed,  one  atom  of  water  descending, 
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and  thereby  raising  another  atom  in  another  place  to  the  full  height  by  successive  stages, 
meeting  midway,  and  passing  contrariwise,  while  the  hands  of  the  clock  go  a  complete  round, 
making  like  ascents  and  descents,  and  in  the  end  placing  the  third  atom  at  the  same  height 
above  the  level  at  which  the  first  atom  originally  stood. 
But  a  third  operation  of  like  sort  may  now  be  begun. 

Column  three  now  stands  at  the  full  height  of  the  original  first  column.  It  stands 
between  plate  III.  and  plate  IV.,  but  there  is  a  fourth  column  left  between  plate  IV,  and  V. 
on  the  level. 

Let  us  now  raise  the  dividing  plate  IV.  Column  three  descends,  raises  column  four, 
they  meet  at  half  height,  in  full  swing.  Column  three  completes  its  descent ;  column  four 
completes  its  ascent ;  shut  down  plate  IV.  Column  four  rests  now  at  full  height.  Column 
three  has  returned  to  rest  on  the  original  level. 

On  the  way  down  atom  {  3  |  fell  1-3,  2*5,  5,  7*5,  8-7,  ten  inches. 
On  the  way  up  atom  |  4  j  rose  1-3,  2-5,  5,  7'5,  8*7,  ten  inches. 

Meanwhile  the  hand  of  the  clock  pointed  equal  instants  of  time,  and  doing  so,  rose  and 
fell  equal  heights  above  the  level. 


The  series  of  like  operations  may  go  on  Hkewise,  endless. 


Staeting. 

I.    II.  III. 


Going. 
I.  III. 


Complete. 
I.  III. 


■ilO 


First  Operation. 


Staetino. 

I.     II.     in.  IV. 


Second  Operation. 


GOINO. 

II.  IV. 


COIIPLETE. 


10 
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Starting. 
IT.     III.  IV. 


Third  Operation. 

Going. 

III.  V. 


0  .. 


Complete. 


IV.  V. 


I.  II. 


Starting. 
III.  IV. 


VI. 


Fourth  Operation. 

Going. 

IV.  VI. 


0.. 


Complete. 
IV. 


VI. 


Taken  on  a  larger  scale  the  rise  and  fall  is  given  in  detail. 

Near.  0  at  starting,  0,  4,  15,  30,  45,  56,  60,  ascending.— Ending,  60,  56,  45,  30,  15, 
4,  0,  descending. 

Heretofore,  we  have  only  been  thinking  out  and  contriving  how  an  atom  of  matter 
floating  in  a  liquid  mass  might  be  set  up  in  a  new  place ;  how  it  might  be  so  guided  in 
descending  from  that  new  place  as  to  send  up  a  second  atom  to  another  high  place ;  how 
the  first  atom  might  be  left  at  rest  in  its  own  new  place  while  the  second  atom  was  in  turn 
displacing  a  third  atom  in  descending  to  rest  in  its  own  resting-place ;  and  how  this  third 
atom  when  raised  up  into  its  new  place  should  in  turn  descend  to  its  resting-place,  while 
raising  a  fourth  atom  up  into  its  higher  place ;  and  so  on  in  order  a  fifth,  sixth,  and  con- 
tinuing line  of  atoms,  should  go  on  ascending  and  displacing  each  by  each,  and  descending 
and  replacing  each  by  the  other,  in  unending  line  and  order. 

We  have  seen  how  atoms  afloat  in  liquid  at  rest  might  be  so  guided  and  moved  as  to 
make  these  changes  of  place  in  orderly  following ;  by  regulated  change  of  form  and  place 
without  change  of  bulk  or  space.  This  as  mere  manipulation  of  space  and  place  is  scarcely 
more  than  mere  geometry  of  place  occupied  by  mass,  without  hindrance  to  change  of  shape, 
but  without  a  thought  of  change  of  bulk. 
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But  we  have  now  to  seek  in  nature  and  matter,  and  find  out  whetlier  there  exist  in 
nature  some  force  to  cause  such  movements  as  we  have  contrived  and  controlled  and 
carried  on  ?  whether  such  force  would  do  its  work  in  the  time  we  want  ?  whether  we  could 
safely  trust  it  freely  to  do  our  work  without  our  supervision  or  interference. 

Geometric  Representation. 

Happily  for  us,  the  way  and  speed  and  time  of  each  force,  when  combined  in  one  atom, 
are  thinkable  in  a  new  form,  represented  by  one  new  line  and  one  new  force  in  the  old  time 
but  in  a  new  speed.  This  new  mode  of  thought,  this  new  way  of  matter,  this  new  result  ot 
twin  forces,  is  to  the  other  two  as  the  two  square  crossing  lines  are  to  their  skew  line.  This 
third  line  is  the  type  in  way  and  length  of  the  direction,  speed,  and  strength  of  a  third 
movement  and  of  a  third  force — the  type  of  the  first  two. 

Here  geometry,  motion,  and  time  agree,  and  likewise  way,  time,  speed,  and  matter. 

From  these  simple  elements — time,  force,  and  space,  uniting  in  speed,  way,  and 
motion — we  can  now  proceed  to  more  complex  forms  of  the  works  of  force  with  time. 

There  exists  a  happy  harmony  of  the  geometric  nature  of  the  circle — with  this  ele- 
mentary view  of  simple  force,  its  way,  speed,  and  work — which  enables  us  to  solve  problems 
by  their  union  in  thought,  which  are  less  easily  reached  by  other  ways.    (See  Diagram  I. 

PI.  n.) 

This  harmony  I  may  express  thus  :  That  the  harmonics  of  lines  in  a  circle  represent 
harmonics  of  space,  force,  and  time. 

If  a  point  in  the  circle  represent  the  place  of  an  atom  in  space  ;  if  the  diameter  of  the 
circle  represent  the  measure  of  that  ruling  force ;  chords  from  the  atom  to  the  extremities 
of  the  diameter  represent  the  elementary  forces,  the  arcs  of  the  circle  represent  the  time  of 
the  elementary  motions,  and  the  lengths  of  the  chords  their  speeds. 

Now,  this  harmony  of  space,  force,  and  time  is  true  not  merely  of  one  single  place  and 
one  atom- in  a  circle,  but  of  all  the  points  and  atoms  set  all  round  that  circle  ;  and  also  of 
all  the  points  of  all  atoms  all  round  a  series  of  other  circles.  It  is  therefore  well  worth 
while  to  master  the  hidden  nature  of  this  pregnant  harmony. 

The  circle  expresses  the  harmonic  relation  of  time  with  space  and  force  owing  to  the 
following  cause. 

We  have  already  seen  that  two  simple  forces  right  across  each,  do  their  own  work 
without  interference  one  with  the  other. 

Imagine  in  a  circle  one  diametral  force — say  vertical.  (See  Diagram  II.  PI.  II.) 
Imagine  a  directing  line  going  out  from  either  extremity.  Imagine  the  atom  to  be  moved 
along  that  line. 

Then  :  This  diametral  force — acting  on  a  mass — controlled  by  the  directing  line,  will 
produce  a  uniformly  accelerated  motion,  slower  as  the  direction  is  more  and  more  oblique 
to  the  diametral  line. 

Now,  the  remarkable  property  of  these  obhque  hues  in  the  circle  is,  that  all  the  pairs 
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of  lines  on  one  side  of  the  diameter  meet  at  right  angles,  and  therefore  each  one  of  the  pair 
represents  a  force  hne  and  a  directing  Une. 

And  therefore :  All  the  motions  along  each  line  of  resolved  force  will  be  each  of 
different  speed,  and  all  performed  in  and  at  the  same  time. 

This  is  the  case  of  perfect  harmonic  isochronism. 

Thus  one  and  the  same  force  produces  many  simultaneous  motions — all  of  varied 
lengths  and  speed — all  in  one  time,  all  in  different  directions. 

The  cause  of  this  isochronism  is  that  the  resolved  part  of  the  force  along  each  directing 
line  is  greater  and  less,  exactly  in  the  same  degree  as  the  line  to  be  described  within  the 
circle  is  greater  or  less  ;  that  is,  the  greater  distance  has  more  force,  and  the  less  distance 
less  force  acting  on  the  mass  moved  along  it,  and  so  the  fast  and  slow,  the  long  and  short 
keep  exactly  one  time. 

From  this  also  follows  the  beautiful  conclusion,  that  any  number  of  atoms  issuing  from 
the  extremity  of  this  diameter  at  either  end  [pole  ?]  at  the  same  instant,  will  all  move  away 
preserving  their  places  in  the  same  simultaneous  arcs  of  successive  circles.  This  may 
be  inverted  from  the  opposite  pole.    This  leads  to  a  beautiful  experiment  with  ivory  balls. 

Thus  :  We  have  got  harmonic  synchronism  from  varied  force  with  varied  space. 

Next  we  have  to  seek  harmonic  succession,  or  time-keeping  melody. 

Heretofore  w^e  have  had  each  force  remaining  through  time  the  same — each  in  settled 
]Droportion,  and  all  agreeing  in  the  same  circle  of  form. 

But  the  times  and  speeds  of  each  portion  of  each  path  have  varied  far  from  uniformity, 
and  have  obeyed  the  law  of  constant  force  and  uniform  acceleration. 

What  is  first  noteworthy  is  that  though  the  speeds  and  lengths  in  each  force  line 
differ,  yet  in  the  successive  intervals  of  time  all  described  the  chords  of  circles  which  part 
them  all  into  like  proportion. 

Thus  not  only  are  all  the  completed  lines  of  way  ended  at  the  same  instant,  but  all 
their  proportional  parts  are  finished  at  the  same  instant  in  synchronous  succession. 

Heretofore  we  have  taken  one  diametral  force  and  resolved  it  separately  into  various 
directing  lines,  and  treated  each  resolved  force  and  its  directing  line  as  separate,  independent 
phenomena. 

But  if  I  could  contrive  that  this  diametral  force  should  continue  one,  and  only  vary  its 
direction  successfully  into  each  of  its  other  lines  at  successive  instants,  then  a  proportional 
part  of  each  path  could  be  gone  through  in  each  instant,  all  in  one  line. 

The  cycloid  is  a  curve  in  which  these  successive  chords  become  the  radii  of  a  con- 
tinuous curve,  and  the  curve  represents  a  succession  of  such  paths  parallel  to  these  chords, 
and  the  lengths  of  the  arcs  of  these  curves  vary  in  the  required  proportion,  i.e.,  as  the  forces 
which  are  directed  to  the  given  point,  and  this  curve  is  isochronous. 

Hydrodynamic  Isochronism. 

If,  therefore,  we  make  a  directing  line  which  is  a  cycloid,  instead  of  a  chord,  all 
the  arcs  of  this  cycloid  will  have  the  property  of  these  chords,  and  a  ball  will  descend 
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along  that  line  with  Hkc  descending  force  to  that  in  the  chords,  and  will  possess  like 
isochronism. 

From  the  gravity  of  atoms  moving  along  rigid  directing  lines  we  have  got  isochronism, 
by  giving  a  fixed  length  of  i^ath  for  a  given  degree  of  acceleration.  We  have  now  to  ask 
how  such  action  can  he  contrived  in  atoms  flowing  free  (in  fluids)  ? 

The  answer  is  that  the  mechanism  of  isochronism  is  already  provided  in  the  nature  of 
free  fluids. 

A  vertical  column  of  water  forced  above  the  level,  between  two  plates,  has  already  this 
quality  in  its  own  nature.  Its  downward  force  is  precisely  measured  by  its  height  above 
the  surrounding  level.  If,  therefore,  a  vertical  column  descend  freely  through  its  own 
height  above  the  level,  it  might  be  expected  to  make  that  descent  from  a  greater  height 
with  greater  force  in  the  same  time  as  a  descent  from  a  less  height  with  less  force  in  that 
time. 

We  have  now  to  see  what  is  the  nature  of  the  conditions  in  water  which  will  render 
this  possible,  because  in  water  no  column  can  fall  without  its  change  of  place  affecting  the 
particles  around. 

Our  three  vertical  plates  enable  us  to  study  this  question.    Let  us  take  plates  I.  and 

II.  in  enclosed  water,  let  us  bring  them  together  at  equal  distance  by  pushing  I.  towards  II., 
raise  the  water  between.  Let  us  then  insert  III.  at  like  distance  from  II.,  pull  up  II.,  let 
the  water  descend  till  it  meets  the  other  water  rising,  and  stop  them  there  :  that  takes  a 
given  time.  Next  repeat  the  experiment,  and  let  the  water  descend  to  the  level  outside ;  that 
will  take  twice  as  long,  and  will  leave  the  second  np  at  the  full  height  of  the  first:  stop  it 
there.  Twice  the  space  is  now  passed  through  in  twice  the  time  ;  call  the  one  a  half  swing, 
the  other  a  whole  swing.    (See  Figures,  pages  09,  70.) 

Next  raise  the  water  between  I.  and  II.  twice  as  high  as  before,  and  let  it  perform  the 
half  fall  and  the  whole  fall ;  it  will  be  done  in  the  same  time  through  the  larger  fall  and 
through  the  less  fall,  through  the  half  of  the  larger  and  the  half  of  the  less. 

Then  double  the  height  over  again,  the  fall  will  still  be  done  in  the  same  time. 

Our  vertical  falling  fluid  column  has  given  us  the  same  isochronism  we  got  in  the 
sloping  fall  of  the  atom  in  the  circular  chord,  and  this  will  continue  till  we  exceed  certain 
limits. 

The  cause  we  have  found  is  this,  that  the  hydraulic  pressure  of  a  liquid  column 
increases  in  exact  proportion  to  the  height  of  that  column  above  the  adjacent  surface,  and 
that  if  the  pressure  of  that  column  is  so  applied  as  only  to  move  a  given  weight  of  water 
through  a  space  proportioned  to  that  pressure,  the  longer  and  the  shorter  spaces  will  be 
performed  under  larger  and  less  forces,  and  so  in  equal  times. 

Our  three  vertical  plates  and  two  vertical  columns  have  given  us  isochronism. 

But  this  isochronism  of  liquid  columns  differs  from  the  isochronism  of  atoms  in  circular 
chords,  by  the  fact  that  though  both  make  like  descents  and  ascents,  the  one  goes  up  and 
down  along  slopes,  while  the  others  go  up  and  down  in  vertical  columns.     (See  Diasfram 

III.  PI.  II.) 

K 


74 


ON  THE  TEUE  NATUKE  OF  THE  WAVE  OF  TEANSLATION. 


Fortunately  this  seeming  discord  is  reconciled  by  a  new  quality  of  these  sloping  paths 
in  the  circle.  That  they  are  repeated  in  exact  identity  by  vertical  paths  in  a  circle,  provided 
that  circle  be  of  double  the  diameter.    The  same  lines  that  were  sloping  are  now  vertical. 

Having  thus  obtained  the  conditions  of  isochronism  in  the  relations  of  force  in  vertical 
lines  or  vertical  columns  of  fluid,  viz.,  that  these  water  columns  must  have  the  same  heights 
above  a  common  level,  which  the  chords  of  our  circle  have  of  distance  from  the  bottom  of 
the  diameter,  and  having  found  the  geometrical  relation  that  these  sloping  chords  are 
identical  in  length  with  vertical  sines  of  arcs  of  the  same  length,  in  a  semicircle  of  double 
the  diameter,  we  have  only  to  reconcile  this  geometrical  relation  with  the  conditions  of  our 
fluid  columns,  to  have  complete  isochronism  of  fall  of  each  and  all  those  water  columns. 

Also,  as  the  conditions  of  the  forces  are  the  same,  what  is  true  in  one  case  of  all  the 
successive  parts  of  fall  in  the  circle,  will  be  true  in  the  semicircle  of  fluid,  viz.,  complete 
isochronism  of  the  parts  of  the  fall  in  like  differences  of  height.  (See  Diagram  IV.  PL  II.) 

Just,  therefore,  as  we  showed  before  the  synchronous  places  of  each  particle  in  the 
sloping  circle,  can  we  now  mark  off  like  synchronous  places  in  the  vertical  semicircle. 

Having  thus  provided  the  conditions  necessary  to  obtain  perfect  equality  in  the  times 
of  descent  or  ascent  of  liquid  atoms,  by  forming  them  into  vertical  columns  in  free  space, 
we  have  next  to  seek  out,  not  the  nature  of  the  descents  which  will  all  agree  in  one  and  the 
same  time,  but  the  degrees  of  ascent  and  descent  which  will  take  place  in  measures  of  time. 
We  do  not  want  agreements  given  of  one  time,  we  want  the  differences  of  place  at  different 
successive  times. 

Now  there  is  a  fortunate  coincidence  of  a  quality  of  certain  lines  in  the  circle  with  the 
law  of  force  acting  on  vertical  columns,  which  gives  us  the  harmony  we  seek,  without 
discord  with  what  we  have  already  done. 

We  want  to  know  the  steps  of  ascent  and  descent  of  our  vertical  columns  during  each 
successive  instant  of  time. 

The  answer  is  this  :  Take  the  original  circle  with  its  arcs  to  represent  successive 
instants  of  time.  Take  the  original  chords  of  these  arcs,  which  represent  our  vertical  forces  in 
lengths;  then  draw  the  horizontal  sines  of  these  arcs  which  cut  the  vertical  diameter  into 
corresponding  parts. 

Now  the  chords  represent  the  lengths  of  our  vertical  columns,  and  they  also  represent 
the  relative  velocities  of  the  motions  along  each  chord.  But  they  do  not  show  the  places  of 
the  particles  during  the  motion,  nor  measure  the  path  which  in  each  case  has  been 
described.    (See  Diagram  II.  PI.  II.) 

P)Ut  the  corresponding  divisions  of  the  diameter  are  exactly  proportioned  to ,  squares 
of  the  chords,  and  as  the  chords  measure  the  speeds,  their  squares  measure  the  spaces 
described  by  the  growing  and  diminishing  spaces  described  with  those  speeds. 

Take,  therefore,  in  like  manner,  a  series  of  vertical  columns,  the  force  in  each  in  the 
ratio  of  the  distance  from  the  equilibrium  point,  and  ask  what  length  of  path  each  atom  will 
describe  in  successive  equal  timos,  and  the  answer  will  be  given  by  the  divisions  wc  have 
just  made  on  the  vertical  diameter  of  the  circle. 
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As  exami)le  take  our  piiir  of  descending  and  ascending  water  columns.  The  mass  to 
be  moved  is  their  sum.  The  moving  force  is  their  difference  of  height.  The  original  level 
of  the  water  is  the  resting-place  of  one  and  the  starting-place  of  the  other;  they  meeL  half- 
way, where  both  change  from  acceleration  to  retardation.    (See  Diagrams  V.  and  VI.  PI.  II.) 

The  spaces  described  in  the  successive  instants  of  rise  and  fall,  are  those  divisions  of 
the  diameter  which  correspond  to  the  squares  of  the  speeds,  and  are  shown  by  the  versed  sines 
of  the  arcs  of  our  chords  of  isochronism. 

The  geometry  of  the  circle  has  therefore  taught  us — 

1.  The  isochronism  of  motions  produced  by  uniform  forces  directed  through  chords 

of  arcs  corresponding  to  times. 

2.  The  isochronism  of  corresponding  vertical  motions  in  columns  having  like  distri- 

bution of  force  in  the  sines  of  double  the  former  arcs. 

3.  Place  and  distance  done  by  each  particle  in  its  own  path  at  the  successive  instants 

of  time  represented  by  the  arcs,  whose  versed  sines  give  the  heights  risen  and 
depths  fallen  by  each  particle  in  those  times. 

HoKizoNTAL  Transfer  of  Force. 

We  can  now  take  a  couple  of  water  columns,  and  predict  of  them  the  isochronism  of 
their  ascents  and  descents  large  and  small.  We  can  also  show  the  place  each  particle  will 
occupy  in  successive  instants  of  time. 

But  we  have  not  yet  considered  a  new  phenomenon,  arising  inevitably  from  the  motion 
of  a  liquid  column,  which  has  been  confined  exclusively  to  a  vertical  direction,  but  which 
we  next  proceed  to  release  from  confinement  and  leave  free  to  take  horizontal  motion 
simultaneously  with  its  vertical  motion. 

To  find  out  the  nature  of  the  simultaneous  horizontal  motions  that  may  take  place  while 
the  vertical  motions  follow  the  law  we  have  learned,  I  will  make  a  slight  but  important 
change  in  the  wave-making  apparatus  I  have  used  or  imagined  heretofore.  (See  Figs., 
pages  69,  70.) 

I  began  with  a  vertical  plate  I.,  with  which  I  raised  a  vertical  column  between  it  and 
jdate  XL  above  the  surrounding  level  ;  I  next  raised  plate  II.  and  let  the  first  column  fall 
vertically  down  so  as  to  raise  the  second  column  between  plates  II.  and  III, 

I  now  propose  a  new  way  of  transfer  of  force  from  the  first  to  the  second  column.  I 
propose  instead  of  raising  up  my  smooth  glass  (or  ice)  partition  wall  II.,  to  leave  it  for  an 
instant  "free."  Now  this  wall  II.  is  pressed /onmrtZ  all  over  its  underwater  surface  by 
the  hydraulic  pressure  due  to  the  height  of  the  first  column  above  the  level.  Plate  II.  thus 
pressed  moves  forward,  it  removes  column  two  forward  and  upward :  column  one  has  gone 
down  and  forward.    Column  two  has  been  removed  alike  degree  upward  and  forward. 

Stopping  the  motion  of  plate  II.  we  find  column  one  gone  down  to  the  level.  We  find 
its  equivalent  in  water  gone  forward,  we  find  an  equivalent  of  water  in  column  two  displaced 
by  column  one,  and  we  find  that  equivalent  replaced  at  the  top  of  column  two.  and  there 
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also  the  equivalent  of  hydraulic  force  spent  from  the  top  of  column  one,  we  now  find 
re-stored  at  the  top  of  column  two. 

We  have  thus  from  one — descent,  forward  motion,  displacement,  and  power  spent. 

We  have  thus  in  two — displacement  endured,  forward  motion  forced,  water  column 
raised  up,  power  re-stored. 

Thus  by  leaving  the  motions  of  these  adjacent  twin  columns  free,  forward  as  well  as  up 
and  down,  I  have  obtained  the  same  ascent  and  descent  as  before,  but  by  unrestrained 
forward  motion  under  free  hydraulic  force. 

Also,  we  are  now  ready  to  free  plate  III.  from  restraint,  and  let  it  move  forward  from 
the  stored  force  of  column  two,  also  horizontally ;  and  so  raising  to  the  top  of  column  three 
its  reservoir  of  stored  force. 

Thus  I  can,  by  removing  impediment  after  impediment  out  of  the  way,  transfer  column 
after  column  of  stored  force  horizontally,  from  place  to  place  without  limit  of  distance,  time, 
or  number. 

The  limit  of  time  is  my  dexterity,  or  my  discretion,  and  we  must  next  seek  how  to  get 
rid  of  these  impediments  and  see  how  we  may  leave  this  to  nature. 

Let  us  ask  how  nature  would  carry  on  this  work  if  once  set  going  and  left  to  herself. 

What  is  the  exa(3t  work  we  leave  to  nature?    (See  Diagram  VIII.  PI.  II.) 

We  have  stored  some  force  in  a  hydraulic  column  above  the  level,  which  we  want  to  be 
used  and  transferred  without  loss  from  place  to  place  endless. 

For  this  purpose  we  have  an  initial  reservoir  or  series  of  reservoirs ;  we  have  a  sheet  of 
water  of  given  depth,  at  rest;  we  deliver  a  portion  of  our  stored  force  to  the  transmitting 
water.  Let  us  see  what  will  follow — as  we  have  already  seen,  this  stored  water  descends 
and  takes  its  place  under  the  level,  whence  it  ejects  the  former  tenant  of  the  place. 

Now  we  have  only  to  ask  what  is  the  time  and  speed  with  which  a  mass  will  descend 
from  this  place  to  that ;  and  we  find  that  it  is  the  speed  due  to  the  height  through  which 
the  centre  of  mass  has  to  pass  in  descending  from  its  first  to  its  lowest  place,  or  a  speed  of 
16  feet  a  second,  a  fall  of  4  feet,  in  half  a  second  of  time.  In  other  words,  the  speed  of  the 
transfer  of  force  is  a  speed  of  tea  miles  an  hour,  being  the  speed  due  to  half  the  highest  depth. 

We  see,  therefore,  that  the  descent  of  a  raised  mass  of  water  can  transfer  its  force 
forwards,  by  displacing  an  equivalent  column  at  the  known  pace  of  the  fall  of  the  mass  from 
centre  to  centre. 

That  is  the  speed  of  the  effect  propagated ;  we  may  next  seek  the  manner  of  propaga- 
tion. The  propagation  is  the  transfer  of  the  force  forward  ;  the  manner  we  must  measure 
by  the  vertical  forces  and  motions. 

The  vertical  motions  we  already  know  are  represented  by  the  versed  sines  of  the  depth 
of  fall  and  rise,  which  with  equal  arcs  correspond  to  equal  times.  (See  Diagram  VI.  PI.  II.) 

The  first  stage  of  fall  will  therefore  take  place  in  the  first  instant  of  time,  through  the 
versed  sine  of  the  first  arc  of  the  time  circle.    (See  Diagram  VII.  PI.  II.) 

The  second  stage  of  fall  will  take  place  in  the  second  instant  through  the  versed  sine  of 
the  second  arc  of  the  time  circle. 
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And  so  on  all  through  the  half  round  of  the  time  circle  till  the  last  fall  to  the  level. 
We  have  thus  given  the  exact  change  in  length  and  depth,  which  each  water  column 
undergoes,  during  its  transformation  from  high  to  low,  and  during  its  transformation  from 
low  to  high,  and  the  place  of  each  atom  at  each  instant  as  shown  on  the  time  circle. 

We  have  next  to  consider  that  these  water  columns  form  a  series  in  two  (or  four) 
groups.    (See  Figs.  C  and  7,  PI.  III.)  :— 
The  rising  group — six. 
The  falling  group — six. 
We  may  now  examine  the  rising  group  : — 

The  front  level :  column  one  rising. 
Column  two  risen  2nd  stage. 
Column  three  3rd  stage.    Column  four  4th  stage. 
Column  five  5th  stage.    Column  six  6tli  stage. 
This  transmission  of  force  and  changing  form,  with  the  full  speed  due  to  height  of 
centre  of  falling  mass,  above  centre  of  fallen  mass,  is  in  agreement  with   the  known 
phenomenon,  that  in  whatever  line  or  path  moving  force  is  directed,  and  however  slow  or 
fast  it  moves  during  acceleration,  the  ultimate  velocity  of  transmission  will  be  that  due  to 
the  length  travelled  along  the  line  of  force,  quite  regardless  of  the  speed  along  the  line  of 
direction. 

Hence  it  comes,  that  whether  the  water  be  deep  and  the  wave  shallow,  or  the  water 
shallow  and  the  wave  deep,  the  speed  of  transmission  will  be  the  same  so  long  as  the  sum 
of  the  wave  and  the  water  depth  remains  unchanged. 

But  there  exists  a  second  nature  of  horizontal  motion  quite  different  from  this  trans- 
mission of  force  and  form,  although  simultaneous  with  it ;  it  is 

The  Horizontal  Translation  of  Water  Mass. 

In  the  former  case  there  was  a  change  of  form  and  place,  which  consisted  of  given 
particles  changing  shape  and  place,  by  centres  falling  and  rising  with  given  speed. 

In  the  new  case  we  find  one  group  of  atoms,  by  the  force  of  their  fall,  moving  a  larger 
group  of  atoms,  and  removing  them  to  a  distance,  and  leaving  them  there  at  rest.  These 
form  the  translated  mass. 

We  must  here  distinguish  the  moving  mass  from  the  mass  removed.  The  mover  is  the 
part  of  the  mass  above  water ;  the  moved  mass  is  the  whole,  under  and  above.  The 
moving  power  is  merely  the  fall  through  the  wave  height,  the  moved  mass  extends  down  to 
the  full  depth.  The  moving  force  is  the  same  as  the  force  of  transmission,  only  the 
transmission  was  merely  force  in  velocity,  going  from  one  mass  to  an  equal  one.  Here  the 
force  is  laden  with  a  heavy  burden  ;  the  weight  of  this  burden  slows  the  speed  of  transla- 
tion, and  diminishes  the  distance  travelled.  If  a  moving  power  of  one  is  laden  with  an  inert 
burden  of  four,  it  can  only  do  quarter  the  distance  in  given  time,  and  in  every  case  the 
distance  done  in  given  time  will  be  inversely  as  the  load. 
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It  will  thus  follow,  that  if  a  wave  of  translation  3  feet  high  be  transmitted  through  still 
water  5  feet  deep  it  will  change  place  and  travel  forward  16  feet  in  a  second  ;  but  the  total 
mass  of  8  feet  will  only  attain  three-eighths  of  that  rate,  or  6  feet  per  second;  and  as  the 
motion  will  not  be  uniform,  but  accelerated  and  retarded  as  the  versed  sines  of  the  time 
circle,  the  space  described  will  be  one  diameter  of  acceleration  and  one  diameter  of 
retardation,  or  in  a  given  ratio  to  twice  the  height  of  fall. 

The  translation  of  mass  effected  on  the  water  is  measured  by  the  time  circle  of  fall, 
the  transmission  of  force  and  form  by  the  circle  of  depth  of  water. 

The  time  of  the  complete  transport  of  this  mass  will  be  measured  by  the  circumference 
of  a  circle,  greater  than  the  diameter  of  the  circle  of  fall  in  the  ratio  of  the  height  of  fall 
to  depth  of  water,  or  the  circuit  of  depth  as  diameter. 

This  interval  gives  at  the  speed  of  transmission  the  wave  length. 


Diagrams  and  Examples  of  Waves. 
Plate  II. 

Diagram  I. — Arcs  of  the  circle  represent  flow  and  measure  of  time— say  tenths  of  a  second. 
Total  circumference,  3-2  seconds  or  32 -tenths. 

Divisions  of  the  tangent  lines  represent  rectangular  co-ordinates  of  each  arc  ;  or  vertical  and  horizontal 
elements  of  uniform  motion  in  equal  arcs  of  the  circle ;  or  versed  sines. 

The  figures  are  used  as  convenient  a^jproximate  types  of  the  versed  sines.  The  co-versed  sines, 
tangent,  are  when  infinitesimal,  equal  to  the  arcs. 

Each  chord  of  an  arc  has  the  same  direction  as  each  radius  in  the  succeeding  quadrant. 

The  versed  sine  2d  differences  are  greatest  near  zero ;  become  uniform  half-way.  The  differences  become 
uniform  at  the  radius  and  then  diminish  to  half-way.  The  2d  differences  again  become  greatest  at  the  end 
of  one  vertical  line. 

The  versed  sines  grow  as  the  square  of  the  chords  of  the  arcs,  from  zero,  become  uniform  and  equal  to 
the  arcs  at  the  tangent,  and  diminish  as  the  squares  at  the  end. 

These  versed  sines  give,  as  the  diameter  of  the  (^^'  1^0  ;  and  the  circumference  of  the  (^^'  320. 

Diagram  II.  gives  a  circle  of  given  vertical  radius — say  50  inches — through  which  a  body  falling  freely 
from  rest  will  pass  in  half  a  second  of  time,  and  acquire  a  speed  of  200  inches  per  second,  or  16  feet  8  inches. 

The  arcs  representing  equal  times.  The  radiant  chords  represent  speed  and  motion  by  gravity  along 
each  chord.  Each  chord  of  the  semicircle  is  parallel  to  the  chord  of  an  arc.  Each  chord  measures  relative 
speed  as  well  as  absolute  force  and  distance.  Space  described  in  equal  times  is  measured  by  versed  sines  of 
equal  arcs,  which  are  as  the  squares  of  the  chords. 

Velocities  acquired  at  the  end  of  each  fall  are  those  duo  to  the  height  fallen,  without  reference  to  direction. 
The  heights  fallen  are  the  versed  sines.  The  velocities  due  to  height  are,  therefore,  as  square  roots  of  vertical 
heights,  or  as  tJw  chonh. 

In  other  words,  the  velocities  at  the  end  of  the  times  are  those  due  to  the  vertical  fall  (the  fastest),  without 
reference  to  the  slowness  of  the  previous  fall. 

Therefore,  the  vertical  speeds  on  arcs,  chords,  and  diameters  are,  at  the  same  height,  all  alike,  and  are  as 
the  square  roots  of  the  versed  sines. 
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Diagram  III. — Times  represented  by  arcs  of  a  circle  whoso  vertical  diameter  represents  height  of  fall,  arc 
represented  also  by  arcs  of  a  semicircle  of  double  diameter.  The  arcs  of  the  circle  and  of  the  semicircle  are  of 
equal  length. 

The  chords  of  these  circular  arcs  and  the  sines  of  these  semicircular  arcs  arc  equal. 
The  vertical  semicircular  sines  maybe  taken  as  lines  of  vertical  descent  of  water  columns,  &c.,  descending 
freely  by  gravity. 

The  moving  force  in  each  vertical  water  column  is  as  its  height. 

The  distance  to  be  descended  in  each  vertical  column  is  as  its  height.  Each  distance  being  in  the  ratio 
of  each  force,  all  will  bo  done  in  one  time. 

If,  therefore,  a  series  of  masses  were  to  descend  along  the  chords  of  the  circle,  and  a  series  of  water 
columns  were  to  descend  vertically  along  the  vertical  sines  of  the  semicircle,  all  would  reach  the  level  surface 
at  the  same  time. 

The  water  columns  are,  therefore,  isochronous  with  the  chords  as  lines  of  motion. 

Diagram  IV. — At  each  degree  of  descent  there  is  perfect  synchronism  between  the  chord  particles  and  the 
column  particles.    When  each  is  half-way  down  its  chord,  each  other  is  half-way  down  its  column. 

While  the  former  keep  rank  and  time  in  circles  of  diminishing  radius,  the  latter  leave  their  semicii-cle 
and  take  synchronous  places  in  semi-ellipses  whose  vertical  ordinates  are  equal  to  the  synchronous  chords. 

Thus,  eacli  particle  in  the  vertical  column  keeps  time  with  its  summit  particle,  and  in  each  instant  aU 
move  in  harmony  and  in  like  proportional  speed.  Thus,  the  water  columns  keep  the  times  of  the  circular 
arcs,  and  move  down  through  the  lengths  of  the  circular  chords,  and  keep  the  speeds  due  to  the  paths  in  the 
chords,  though  the  directions  are  quite  different  (see  later  on). 

It  is  also  to  be  noticed  that  the  total  time  occupied  in  motion  through  each  vertical  path  and  each  chord, 
is  the  time  of  total  free  descent  through  the  vertical  diameter  of  the  circle  by  gravity.  Say  1  foot,  i  second  ; 
4  feet,  i  second  ;  9  feet,  f  second,  IG  feet,  1  second. 

Diagram  V. — A  couple  of  water  columns,  connected  and  full  to  the  water-level,  are  vertical,  equal,  open 
above  and  united  below.  Then,  by  force,  one  column  is  raised,  kept  at  rest,  then  let  free.  It  descends 
in  equal  times  throiigh  versed  sines,  accelerating  to  half-way  down. 

By  force  of  this  descending  column  the  other  column  ascends  above  the  water-level  in  equal  times  through 
versed  sines,  accelerating  to  half-way  up. 

The  two  meet  half-way  on  a  new  level.  Neither  acts  on  the  other,  both  are  free  ;  but  both  are  in  motion, 
full  swing — one  up,  the  other  down.  This  swing  force  carries  one  upwards  as  far  again  as  it  rose,  one 
downwards  as  far  again  as  it  fell.  Both  go  on  at  diminishing  speed  in  same  times  as  before,  but  in  reverse 
order.    The  two  columns  now  rest  in  exchanged  state. 

Diagram  VI. — Shows  the  successive  stages  of  rise  and  fall  of  many  water  columns,  in  the  same  manner  as 
the  Diagram  V.  shows  the  stages  of  one  couple  of  columns. 

There  are  eight  descending  columns  on  the  left,  and  their  corresponding  eight  ascending  columns  on  the 
right.  The  measures  are  taken  vertically  from  the  circle  of  isochronous  rise  and  fall,  and  are  transferred  to 
their  due  places  in  the  semicircle  of  translation  shown  apart  in  Diagram  VII. 

Diagram  VII. — The  versed  sines  of  the  circle  of  equal  times,  showing  the  vertical  ascent  and  descent  in 
successive  instants,  are  transferred  to  the  semicircle  of  isochronous  water  columns  (III.  and  IV.).  Here  each 
vertical  summit  shows  the  place  of  each  column  all  at  the  same  time,  and  also  the  height  of  any  one  column 
at  successive  equal  times.  This  diagram  unites  the  times  of  vertical  ascent  and  descent  with  the  places  of 
isochronous  water  columns  in  a  semicircle  of  synchronism. 
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Diagram  VIII. — Shows  the  hydrodynamic  conversion  of  the  vertical  forces  and  motions  of  water  columns 
into  horizontal  forces  and  motions. 

The  wave  taken  as  example  is  in  water  6  feet  deep  and  2  feet  high,  when  D  +  H  =  8  feet.  A  vertical 
column,  confined,  is  8  feet  high ;  when  freed  forward  it  descends  accelerating  to  7  feet,  retarding  to  6  feet  where 
it  stays.  The  force  goes  forward  IG  feet  in  a  second,  and  is  stopped  there,  then  raises  a  second  vertical 
column,  which  is  then  enclosed,  like  the  first,  having  risen  successively  to  7  feet  and  to  8  feet  by  stored  force, 
or  energy.  Left  free,  it  again  descends  and  goes  forward  to  a  third  stage,  and  so  on,  ever  forwards.  The 
moving  force  is  shown  in  the  absolute  conversion  of  a  weight  and  volume  of  water  one  foot  above  the 
level  into  an  equal  weight  and  volume  of  water  three  feet  below  the  level.  This  energy  is  transferred  by 
hydi-odynamic  descent  and  horizontal  displacement,  and  the  velocity  due  to  height  is  16  feet  per  second. 

Plate  IV. 

Diagram  IX.  shows  the  wave  form  resulting  from  the  simultaneous  propagation  of  the  force  in  a  straight 
line  along  the  smooth  surface  of  still  water,  and  the  synchronous  rise  and  fall  of  the  water  column,  in  the 
versed  sines  of  the  time  circle.  The  time  circle  also  enables  us  to  determine  the  exact  wave  length.  Diagram 
VIII.  has  given  us  the  speed  of  wave  travel  from  instant  of  starting  to  instant  of  stopping.  "We  still  want  to 
measure  the  time  between  starting  and  stopping ;  this  is  the  time  required  for  descent  and  ascent.  Now 
descent  takes  i)lace  in  two  equal  stages,  or  quadrants  of  the  time  circle ;  ascent  takes  place  in  two  quadrants 
also. 

If  the  ascents  and  descents  were  falls  by  free  gravity,  their  times  would  be  merely  the  times  of  free  fall, 
retarded  fall,  free  rise,  and  retarded  rise.  The  time  would  be  four  times  that  of  one  height  fall.  But  the 
time  flows  uniformly  as  the  arcs  of  the  circle  of  which  the  rise  and  fall  are  as  the  versed  sines.  While, 
therefore,  the  versed  sines  correspond  to  one  second  of  time,  the  uniform  time  arc  is  1'57,  and  for  two  seconds 
of  time  the  time  arc  is  3-1416  seconds.  Thus  we  have  represented  by  the  versed  sines  the  heights,  vertical 
rise  and  fall,  and  the  times  of  rise  and  fall  by  the  corresponding  quadrants. 

The  true  horizontal  wave  speed  due  to  height  and  depth  is  thus  given  in  Diagram  IX.  The  true  heights 
in  successive  times  are  given  by  the  time  circle  of  half  wave  height  as  radius.  The  wave  period  is  given 
by  the  synchronous  arcs  measured  on  the  ckcumfereuce  of  the  time  circle — being  1*5708  for  the  half,  and 
3"141G  for  the  whole  wave  period. 

The  period  x  the  speed  give  the  wave  length  in  feet. 

Diagram  X.  shows,  in  connection  with  Diagram  IX.,  the  wave  volume  in  two  places, — on  the  face  and  in 
the  deep. 

On  the  water  face. — The  depths  are  as  shown  in  Diagram  I. :  1,  4,  9,  16,  23,  31,  40,  50,  60,  69,  77,  84, 
91,  96,  99,  100.  The  volume  is  100  x  50  =  5,000,  volume  unity.  This  is  the  rising  wave.  The  whole  wave 
volume  is  10,000  W.L. 

In  the  deep. — The  successive  displacements  are  as  the  above  series,  only  horizontal  and  diminished 
in  the  ratio  of  W.L.  to  depth.  Each  water  column  successively  acquires  the  horizontal  speed 
due  to  the  increasing  height,  and,  the  times  being  equal,  the  speeds  as  the  'sj .  of  the  heights,  and  the 
spaces  are  as  the  squares  of  the  speeds,  the  distances  travelled  are  as  the  versed  sines  of  the  semicircle  of 
translation  with  the  circle  of  time. 

Volumes  f  u  h  i  A... in  one  and  in  other  are  equal.  Spaces  described  are  as  heights  due  to  speed  in  both 
cases.    The  volumes  or  areas  are  as — 

1  +  9  +  23  +  40    and    00  +  77  +  91  +  99 

73  327 

(3)   (13) 
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Diagram  XI.  shows  the  genesis  of  the  wave  by  a  succession  of  forces  creating  the  succession  of  heights 
due  to  the  required  velocities. 

Diagram  XII.  shows  the  work  done  by  the  ship's  bow  in  removing  the  water.     See  Plate  IV.,  Figs.  11 
and  15. 

The  horizontal  section  shows  the  wave  water-lines  of  the  ship,  and  also  the  extent  of  horizontal  motion 
given  to  the  water  moved  outwards  in  each  successive  half-second  of  time. 

The  vertical  section  shows  the  heights  of  the  water  as  rising  and  falling  above  the  water-level  in  suc- 
cessive instants  ;  these  heights  being  the  heights  due  to  the  velocity  given  to  each  water  column  as  displaced 
by  the  bow.  This  bow  wave  is  a  permanent  phenomenon,  remaining  always  unchanged  in  size  and  place  on 
the  ship,  so  long  as  the  speed  is  constant  and  the  depth  of  water  unchanging.  Although  this  bow  wave  is  a 
permanent  phenomenon,  the  water  particles  of  which  it  is  made  are  all  changed  in  each  wave-length  of  the 
ship's  travel. 

The  cross  section  shows  the  end  view  of  the  bow  wave  in  contact  with  the  ship's  skin.  It  also  shows  the 
section  of  the  wave  which  is  sent  off  outwards  from  the  ship,  as  the  consequence  of  the  ship's  displacement : 
and  which  is  the  wave  of  translation,  carrying  off  to  a  new  place  the  water  displaced  daring  the  transit  of  the 
ship's  bow. 

Examples  and  Calculations. 

We  are  now  able  to  calculate  the  elements  of  the  soHtary  wave  of  translation. 

One  Example. 

Given,  the  depth  of  still  water. 

Given,  the  height  of  wave  summit  above  water  level, 

Depth  ...  ...  -      ,.  ...    6  ft. 

Height  ...  ...  ...  ...  ...    2  ft. 

I. 

Find  the  Speed  of  Transmission  of  the  Wave  along  the  siu'face  of  the  water. 
Sum  of  height  and  depth — 

6  +  2  =  8  ft.  "  Summit  depth." 
Half  of  Summit  depth,  4  ft. 
The  velocity  due  to  the  free  fall  by  gravity  through  half  the  summit  depth  of  four  feet  is — 

16  feet  per  second  ;  or, 

10  miles  an  hour,*  nearly. 

That  is  the  speed  of  transmission  of  the  wave  ...  ...  ...  (1) 

II. 

Find  the  Time  of  ascent  and  descent  of  the  water  columns. 

Wave  height  ...  ...  ...  ...  ...  2  ft. 

Half  height    ...  ...  ...  ...  ...  1ft. 

fTime  of  fall,  ^"  Space,  1  foot  (accelerating). 
Time  of  fall,  i"  Space,  1  foot  (retarding). 
^  Time  of  rise,  J"  Space,  1  foot  (accelerating). 
'{Time  of  rise,  i"  Space,  1  foot  (retarding). 


Two  feet  fall 
Two  feet  rise 


*  I  take  a  fall  of  16  feet  in  a  second,  or  a  speed  of  32  feet  in  a  second,  as  convenient  numbers.  Each  place  on  the  earth 
has  its  own  number  depending  on  latitude  or  height,  and  a  few  eighths  of  an  inch  have  to  be  added  for  each  place.  Ex. :  Green- 
wich, 1609. 
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These  are  the  times  of  free  rise  and  fall  by  alternate  accelerating  or  retarding  gravitation. 
But  in  hydrodynamic  Transmission  each  column  is  the  mover  of  a  second  like  itself,  or  is  "  handicapped 
with  a  second  weight  equal  to  its  own.    (See  Diagram  V.) 
Times  of  ascent  and  descent  when  carrying  double  load. 


( Time  of  fall  i"  (accelerating) 


Same  force 

moving 
double  mass 


Two  feet  falHTij^e  of  fall  i"  (retarding) 

r  Time  of  rise  V'  (accelerating) 
Two  feet  rise  \  rj^-^^     ^j^^  ^»  (retarding) 

Falling  and  rising  free,  the  whole  time  made  up,  1" 
Falling  and  rising  laden  the  whole  time  makes  up,  2" 


(2). 


But  the  ascents  and  descents  in  hydrodynamic  synchronism  by  their  descents  and  ascents  not  being 
made  through  spaces  as  the  squares  of  the  times,  but  through  spaces  measured  by  the  versed  sines  of  the  time 
circle,  whose  arcs  measure  time  by  uniform  speed — 

Speed  in  the  time  circle  is  that  due  to  the  fall  through  the  radius,  and  that  speed  describes  uniformly  a 
a  space  of  3'1416  feet,  while  the  fall  by  gravity  describes  only  two  feet. 

The  time,  therefore  of  a  uniform  motion  going  on  with  the  speed  time  due  to  half  the  height  of  the  wave 
is  not  2"  but  31416". 

Or,  the  space  described  by  uniform  motion  with  speed  due  to  half  the  wave  height  is  greater  than  that 
described  by  wave  descent  in  the  ratio  of  1  to  3'1416. 


III. 

Find  the  period  of  one  complete  cycle  of  solitary  wave  motion. 

We  have  found  the  complete  period  of  rise  and  fall  of  water  columns,  considered  merely  as  masses  falling 
freely  by  gravity;  or,  in  balanced  couples,  each  alternately  acting  as  moving  force  and  as  dead  load. 

But  the  ascents  and  descents  of  water  columns  balanced  are  not  made  by  the  full  force  of  gravity  acting 
uniformly  throughout  the  wave  fall  and  the  wave  rise. 

The  falling  force  diminishes  with  the  falling  height  in  hydrodynamic  synchronism.  (See  Diagrams  V., 
VI.,  and  VII.) 

The  full  force  of  free  gravitation  would  occupy  |'  in  descending  one  foot,  but  by  this  hydrodynamic 
diminution  of  force  with  distance  from  0,  the  space  passed  over  in  given  time  is  diminished  and  the  time 
taken  for  the  given  space  is  increased. 

Now  the  speeds  created  by  uniform  force  are  correctly  represented  by  arcs  of  the  time  circle  of  which  half 
the  wave  height  is  the  radius. 

Now  the  path  described  by  uniform  motion  in  the  time  of  the  fall  through  versed  sines  of  the  circle  is 
truly  represented  by  the  corresponding  arc  of  that  circle.  The  sum  of  all  these  versed  sines  through  one  foot 
of  fall  is  the  radius  of  this  circle,  which  in  free  fall  occupies  I"  and  in  laden  fall  i",  and  the  sum  of  times 
measured  by  the  corresponding  arcs  of  the  synchronic  circle  are  greater  in  the  ratio  of  the  radius  to  the 
quadrant,  or  as  1":  1-5708".    When  laden  by  the  doubled  mass  this  ratio  becomes  doubled,  or  1'  :  8-1416". 

In  other  words.  The  time  of  free  fall  through  half  the  wave  height,  being  quadrupled  for  double  fall  and 
double  rise,  is  doubled  again  for  laden  hydrodynamic  coupled  columns,  and  increased  to  more  than  triple  by 
their  isochronism.  Or  in  this  case  as  1",  2"  and  3-1416"  ;  3-1416"  is  therefore  the  duration  of  the  complete 
cycle  of  solitary  wave  motion  when  the  half  height  of  the  wave  is  1  foot  or  the  height  due  by  gravity  to  i 
free  fall — 

Cycle  ^  3-1416"    ...  ...  ...  ...  ...  (8). 

This  cycle  of  rise  and  fall  in  8-1416"  does  not  change  with  varying  depths  of  water. 
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IV. 

Find  the  length  of  one  complete  solitary  wave. 

We  have  formerly  seen  that  the  speed  of  wave  transmission  is  that  due  by  gravity  to  the  fall  through 
half  the  summit  depth,  or  to  half  the  sum  of  still  water  depth  and  wave  height. 

We  have  taken  this  speed  in  this  case  of  two  feet  wave  and  six  feet  deep  as  6  +  2  and  have  got  as  speed  of 

2~ 

transmission  sixteen  feet  per  second,  or  speed  due  to  J"  free  fall :  see  (1). 

If  we  now  reckon  the  length  the  wave  cycle  of  motion  will  cover  along  the  surface  of  the  water  in  the 
duration  of  complete  rise  and  fall  in  hydrodynamic  synchronism  ;  and  with  the  speed  of  transmission  given  in 
(1),  we  get  the  length  of  the  wave  of  3-1416"  cycle  in  eight  feet  summit  depth  =  3-1416"  X  16  50-2056  feet  (4j, 
or  3-1416"  X  speed  due  to  free  fall  from  summit  depth=length  of  complete  solitary  wave,  50-2656  feet.  (See 
Diagrams  IX.,  X.,  and  XI.) 

V. 

Beyond  this  cycle  of  phenomena  on  the  water  face,  forming  the  wave,  wo  have  still  to  measure  the  work 
done  in  the  water  under  the  surface. 

A  large  mass  has  been  raised  up,  moved  forward,  lowered  down,  and  left  at  rest  in  a  new  place.  What  is 
this  mass  ?  how  was  it  moved  ?  how  far  has  it  been  removed  ? 

This  water-mass  removed  consists  of  the  whole  volume  of  the  water  forming  that  part  of  the  wave  which 
is  raised  above  the  still  water  level.  This  mass  is  sent  up  from  beneath  ;  its  quantity  may  be  measured  by  the 
wave  length  and  half  the  wave  height. 

It  is  50-2656  cubic  feet. 
It  weighs  ^  over  1|  tons. 
The  distance  it  is  carried  is — 

50.2656^Q.^Q3^  ^^^^  forward. 
6 

That  is  the  work  of  water  translation  done  by  the  wave,  on  each  foot  of  thickness,  or  breadth  of  channel, 
or  ridge  of  wave,  or 

50-2625  cubic  feet  waterl 
1*896   tons  mass 
8.2832  feet  translation 
in  3-1416  seconds  of  time. , 
Thus  as  the  wave  glides  forward  along  the  surface  of  still  water  it  removes  each  successive  vertical  column 
of  water  into  a  new  place,  over  eight  feet  forward,  keeping  it  upright  and  leaving  it  upright.  While  each  column 
travels  forward  the  pressure  it  endures  increases  its  height  in  the  first  half  time  and  restores  it  in  the  second 
half  time  to  its  original  height  at  rest ;  this  changing  height  being  always  the  height  of  the  part  of  the  wave 
the  column  occupies,  measured  from  the  bottom  of  the  water. 

When  the  wave  has  passed  over,  all  the  water  columns  are  left  upright ;  all  even  under  the  level  of  the 
water  face,  and  all  at  rest  in  their  new  place.    (See  Diagrams  X.  and  XI.) 


(5). 
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TABLE   OF  DEEP-SEA  WAVES   OR   GROUND  SWELL. 


Calculated  on  32  Feet  as  Standard. 


Sea  Depths. 

Wave  Lengths. 

Wave  Time. 

Tbansmission  Speed. 

X  eei. 

X  eet. 

r  eel. 

32 

201 

6-28 

32 

50 

314 

7-85 

40 

72 

452 

9"42 

48 

98 

614 

10-99 

56 

128 

804 

12-56 

64 

162 

1,016 

14-15 

72 

200 

1,256 

15-70 

80 

288 

1,808 

18-84 

96 

338 

2,122 

20-42 

104 

450 

2,826 

23-45 

120 

512 

3,216 

25-12 

128 

648 

4,076 

28-31 

144 

722 

4,536 

29-82 

152 

800 

5,026 

31-41 

160 

DISCUSSION. 

Mr.  C.  W.  Merrifield,  F.E.S.,  said  :  I  am  not  disposed  in  any  way  to  trespass  on  the  time  of  the 
meeting,  but  I  feel  sure  that  I  am  expressing  not  only  my  own  feelings,  but  those  of  many  gentlemen 
present,  in  stating  the  great  satisfaction  with  which  I  have  listened  to  so  experienced  and  able  an 
authority  as  Mr.  Scott  Eussell,  going  over  again  the  old  ground  of  his  youth,  and  trying  to  make  familiar 
to  us  the  principle  which  led  him  to  great  discoveries — great  especially  at  the  time  when  they  were  made, 
when  harmonic  motion  was  very  little  understood,  and  when  the  synchronism  of  waves  was  scarcely 
understood  at  all,  except  in  the  crudest  form,  and  when  there  was  no  connection  established  between 
the  motion  of  waves  and  the  displacement  of  ships  in  motion.  There  is  always  very  great  satisfaction 
in  hearing  the  words  of  first  inventors  on  those  subjects.  In  my  experience  as  a  learner,  I  have 
always  derived  much  more  information  from  the  first  editions  of  books,  however  imperfect,  than  the 
more  finished  editions  which  afterwards  were  carefully  worked  down  by  the  authors  or  their  successors  ; 
but  I  must  say,  whether  or  not  we  are  able  to  assent  in  every  detail  to  Mr.  Scott  Kussell's  illustra- 
tions— because  I  fear,  in  some  respects,  according  to  my  notions,  they  must  be  called  rather  illustrations 
than  demonstrations — still  they  are  of  a  character  which  is  best  expressed  by  the  French  vfovd  f^cond  : 
they  are  pregnant  illustrations.  There  are,  however,  one  or  two  points  of  difficulty,  and  it  always 
struck  me  that  there  was  a  little  difficulty  about  those  points,  in  the  exact  understanding  of  Mr.  Scott 
Russell's  hypothesis,  and  one  of  these  is  very  clearly  developed,  and  I  am  very  much  obliged  to  him 
for  so  clearly  developing  it,  in  the  paragraph  marked  1,  page  2  of  his  paper.  You  will  see  how  very 
carefully  he  defines  that  there  is  no  room  for  the  water  to  escape  below  the  vessel,  and  consequently 
that  the  whole  escape  is  necessarily  at  the  surface.  As  to  that,  it  has  always  appeared  to  me  that  he 
proved  rather  too  much ;  that  if  you  confine  a  solid  body  moving  in  an  absolutely  closed  receptacle 
filled  with  liquid— take  for  instance  a  closed  glass  cylinder,  with  an  iron  body  in  it,  compelled  to  move 
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by  a  magnet— according  to  this  demonstration  it  would  be  irapossil)le  that  it  Bhould  move  at  all,  I 
think  the  truth  is  between  the  two,  and  the  theory  is  to  be  a  little  qualified  by  the  question  of  the  lines 
of  gliding  gone  into  so  carefully  by  Professor  Eankine.  It  is  well  known  that  among  those  lines  of 
ghding,  a  particular  case  is  Mr.  Scott  Russell's  curve  of  sines,  and  another  particular  case,  under 
certain  altered  circumstances,  is  the  trochoid,  or  wave  of  the  second  degree.  It  is  not,  and  has  never 
been,  clear  to  me  that  Mr.  Scott  Russell's  elucidation  of  his  theory  was  an  absolute  demonstration  of 
the  observation,  and,  moreover,  when  we  come  to  the  wave  of  translation,  as  far  as  modern  mathematics 
go,  I  think  it  is  not  at  all  clearly  established  that  it  is  an  absolute  form  of  equilibrium.  I  am  speak- 
ing now  from  memory  ;  I  have  not  referred  to  books  on  the  subject  recently,  but  I  think  it  is  clearly 
demonstrated  by  Green  that  the  wave  undergoes  secular  degradation,  unless  the  motion  is 
excessively  small.  When  that  is  so  we  have  a  good  many  coincidences.  In  that  case  the  trochoidal 
system  of  waves,  indicated  by  Mr.  Scott  Russell  and  Professor  Rankine,  not  only  becomes  identical 
with  the  waves  of  a  perfect  fluid,  which  have  been  defined  on  a  totally  different  hypothesis,  as  indi- 
cated by  Professor  Stokes,  but  also,  in  that  case,  with  certain  other  modifications  of  the  trochoid, 
they  become  identical  with  the  sinuschoid,  and  we  get  the  case  of  small  motions  when  the  simple 
superposition  identifies  a  great  many  things,  and  simplifies  the  whole  problem  in  a  way  that  does  not 
occur  in  water.  At  the  same  time  we  must  all  feel  obliged  to  Mr.  Scott  Russell,  however  we  may 
disagree  with  him  in  detail,  for  having  given  us  this  extremely  valuable  elucidation  of  his  theory,  and 
I  think,  when  a  history  of  this  subject  comes  to  be  written,  perhaps  by  some  of  our  descendants,  we, 
and  especially  the  younger  ones  among  us,  will  be  proud  to  be  able  to  say,  We  have  heard  Mr.  Scott 
Russell  explain  his  own  theory. 

Mr.  Dixon  Kemp  :  Mr.  Scott  Russell  has  confessedly  written  his  most  interesting  paper  with 
the  object  of  disproving  a  recently-advanced  theory,  that  an  important  element  of  "least 
resistance  "  is,  that  the  forebody  of  a  ship  should  be  of  the  wave  form.  To  him,  however,  the 
all-important  condition  is,  that  the  boundaries  of  horizontal  planes  in  the  forebody  should  be 
of  the  wave  form  or  character.  He  therefrom,  as  I  understand  him,  assumes  that  a  ship  which 
has  these  lines  in  her  forebody  delivers  successive  blows  on  the  water,  which  tend  to  produce 
on  the  water's  surface  a  wave  of  a  particular  form  or  natural  form.  The  ship  as  she  advances 
pushes  away  progressively  layers  of  water,  and  as  there  is  no  room  for  the  reception  of  these 
layers  in  the  surrounding  element  abreast  and  below,  they  come  to  the  surface  in  a  wave,  spread  over 
a  large  area,  and  corresponding  in  form  to  the  order  in  which  they  were  pushed  away.  If,  however, 
the  bow  has  not  wave  lines,  but  full  lines  and  full  vertical  sections,  the  blows  from  the  bow  instead  of 
being  delivered  in  a  horizontal  direction,  are  given  in  a  more  or  less  downward  direction,  and  the 
water  is  thus  forced  upon  an  imaginary  plane,  which  is  immovable  because  it  is  "  full  of  water  below." 
The  water  that  is  struck  by  the  bow,  finding  that  it  cannot  get  below,  turns  as  it  were  on  the 
imaginary  plane,  or  is  deflected  in  an  upward  direction,  and  ultimately  finds  its  wa}'  to  the  sm-face  in 
an  ill-shapen  mass,  not  all  of  the  true  wave  form,  such  as  the  wave  of  translation  ought  to  be.  That 
water  displaced  by  a  ship  is  forced  to  the  surface  we  all  know,  and  so  far  the  exposition  seems  a 
perfectly  rational  one,  but  for  many  reasons  I  think  that  the  stream  line  theory  of  the  late  Professor 
Rankine,  as  propounded  by  Mr.  Froude,  is  more  in  accordance  with  the  true  character  of  the 
disturbances  which  take  place  in  the  surrounding  fluid  during  the  passage  of  a  ship  through  water. 
The  ultimate  conclusion  of  this  theory  is,  that  the  magnitude  of  the  wave-making  resistance  is 
dependent  rather  upon  the  length  of  the  bow,  than  upon  any  particular  form  of  horizontal  lines  or 
vertical  cross  sections  which  the  bow  may  have.  Mr.  Colin  Archer,  who  last  year  in  this  hall 
profoimded  the  wave  form  bow  theory,  adopted  this  view  of  the  case,  and  contended  that  so  long  as 
the  stream  lines  were  diverted  in  quantities  that  accorded  with  the  proportions  of  the  wave  form,  it 
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mattered  little  what  the  horizontal  lines  in  the  bow  of  the  vessel  were  like.  Mr.  Scott  Eussell, 
however,  says  that  he  has  by  experiments,  made  years  ago,  disproved  all  this  ;  but,  whilst  accepting 
experiments  as  generally  convincing  I  am  in  this  case,  from  certain  facts  which  are  within  my 
knowledge,  inclined  to  doubt  their  trustworthiness.  Now,  yachts  are  vessels  which  are  unencumbered 
with  any  parallel  length  of  middle  body,  or  actual  "  straight  of  breadth,"  as  shipbuilders  term  it, 
and  are  therefore  peculiarly  fitted  for  testing  the  wave  line  theory,  or  the  wave  form  theory.  During 
the  last  ten  years  I  have  had  the  oj)portunity  of  examining  many  yachts,  which  were  built  specially 
for  speed,  and  whilst  endeavouring  to  trace  causes  which  contributed  to  their  speed  qualities,  I  could  not 
help  being  struck  with  the  fact  that  the  wave  line  was  more  or  less  present  in  the  horizontal  lines  of 
all  which  were  noted  for  their  speed.  Some  of  these  yachts  had  these  wave  lines  in  a  pure  form ;  in 
others  the  lines  only  approached  the  wave  form ;  but  still  the  hollow  line  was  always  present  in  some 
degree.  Occasionally  I  came  across  a  yacht  with  perfect  wave  lines,  but  which  was  not  noted  for 
speed.  However,  as  I  found  some  satisfactory  cause  for  her  deficiency  in  this  respect,  my  conviction 
was  mistaken,  that  the  speed  qualities  of  a  yacht  depended,  so  far  as  the  form  of  the  forebody  went, 
upon  her  bow  having  wave  lines,  or  lines  of  the  wave  character.  But  during  the  last  two  or  three 
years  yachts  have  been  built  with  perfectly  straight  lines  in  the  bow,  and  in  some  cases  with  lines  which 
were  actually  convex,  and  these  yachts  are  distinguished  for  their  speed,  even  compared  with  yachts 
which  have  pure  wave  lines.  Thus  we  have  yachts  with  every  variety  of  lines  in  their  bows — wave 
lines,  modified  wave  lines,  straight  lines,  and  what  may  be  termed  parabolic  lines,  and  the  upshot  of 
all  these  wondrously  shaped  lines  is,  that  they  only  produce  slight  variations  in  speed.  This  certainly 
was  calculated  to  shake  one's  faith  in  the  value  of  wave  lines,  and  last  year  Mr.  Colin  Archer  roundly 
stated  that  wave  lines  had  nothing  to  do  with  the  speed  qualities  of  a  ship,  but  that  it  is  necessary 
that  the  bow  should  be  shaped  progressively  in  the  wave  form,  so  that  the  ship  as  she  advances 
shall  push  away  a  quantity  of  water  at  the  exact  stages  necessary  to  build  up  a  wave  of  the 
natural  form.  I  was  much  struck  with  Mr.  Archer's  theory,  and  dm-ing  this  year  have  applied  it  to 
those  yachts  which  I  have  before  sjjoken  of.  To  my  satisfaction  I  found  that  all  the  yachts  with  wave 
lines,  or  modified  wave  lines,  or  with  straight  lines,  or  parabolic  lines,  which  were  noted  for  their 
speed,  had  bows  of  the  wave  form  ;  or,  in  other  words,  the  displacement  of  their  forebodies  was 
disposed  longitudinally  in  the  wave  form  ;  but  those  yachts  which  had  wave  lines,  but  which  were 
not  noted  for  their  speed,  had  forebodies  which  were  very  great  departures  from  the  wave  form.  One 
of  these  yachts  not  noted  for  her  speed,  although  possessing  wave  lines  in  a  more  or  less  modified 
extent,  was  the  Titania,  built  by  Mr.  Scott  Russell ;  but  a  curve  which  exhibits  her  longitudinal 
progression  of  displacement,  is  one  very  much  fuller  than  is  the  wave  line  or  curve  of  versed  sines,  so 
much  so  that  there  is  nearly  a  third  more  displacement  at  the  mid  length  of  the  bow  than  required 
by  the  wave  form  theory.  The  America,  on  the  other  hand,  although  having  much  straighter  bo  w 
lines  than  the  Titania,  has  a  forebody  of  the  perfect  wave  form.  The  conclusion  I  arrived  at,  then,  was 
this — that  the  using  of  wave  lines  in  the  bow  often  produced  a  forebody  of  the  wave  form,  and  when 
that  occurred  good  speed  qualities  resulted ;  but  wave  lines  without  the  wave  form  of  forebody  were 
of  less  value  than  straight  lines  united  with  the  wave  form  of  forebody,  and  that  the  very  l)est  results 
are  obtained  when  modifications  of  wave  lines  are  combined  with  the  wave  form  of  forebody. 

The  President  (who  took  the  chair  during  the  reading  of  the  second  portion  of  the  paper,  on 
Friday  evening,  April  4th)  :  I  almost  hope  there  will  be  no  more  remarks  made  upon  this  paper,  because, 
although  I  am  sorry  to  interpose  any  bar  to  discussion,  really  time  must  be  considered  to  some  degree. 
I  hope  my  friend  Mr.  Scott  Eussell  will  not  be  very  much  oJBfcnded  with  me  if  I  ventm-c  to  make 
three  remarks  on  the  precedent  ho  has  now  introduced.  In  the  first  place,  gentlemen,  I  must  say 
that  it  appears  to  me  (I  am  speaking  with  great  deference,  and  I  am  sure  there  we  shall  all  agree) 
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that  all  the  intelligent  men  who  assemble  here  must  feel  pleasure  in  listening  to  the  ability  with 
which  Mr.  Scott  Russell  treats  subjects  of  this  sort ;  and  he  has  never  shown  that  ability  more  than 
in  the  paper  we  have  just  heard.  However,  I  must  say,  to  my  mind  it  is  a  question  of  considerable 
doubt — I  will  not  say  more  than  that — whether  the  paper  we  have  heard  from  Mr.  Scott  Russell 
comes  within  the  subject  of  Naval  Architecture  at  all ;  and  I  think  it  is  a  question  worth  our  consideration, 
having  regard  to  the  limited  time  at  our  disposal  every  year,  whether  we  should  not  discuss  subjects 
of  real  practical  importance  with  regard  to  the  construction  of  our  ships,  and  the  rules  of  Naval 
Architecture.  I  am  further  led  with  very  great  regret  to  say,  that  in  my  humble  opinion — and  of 
course  it  is  my  duty  in  this  chair  to  think  only  of  what  appears  to  me  to  be  for  the  interest  of  this 
Institution — that  1  doubt  whether  it  is  for  the  interest  of  the  Institution  that  rules  once  made  should  be 
entirely  disregarded.  If  our  rules  are  not  to  be  observed,  let  us  put  a  sponge  over  them,  and  let  us 
not  profess  to  have  rules,  because  if  those  rules  are  to  be  held  good  for  one  man,  they  ought  to  be  hold 
good  for  another.  Although  I  should  be  sorry  if  anything  I  should  say  should  hurt  Mr.  Scott 
Russell's  feelings,  or  those  of  anybody  else,  I  do  not  think  it  is  for  the  interest  of  such  an  Institution 
as  this  that  any  man,  however  able  he  may  be,  should  assume  the  right  of  violating  the  rules  under 
which  he  acts.  It  is  with  very  great  regret,  especially  having  doubts  whether  such  a  subject  is 
germain  at  all,  that  I  find  the  time  allowed  by  our  rules  for  three  papers  consumed  in  the  reading  of 
one.  I  cannot  forbear  making  these  observations,  although  it  is  with  great  pain  I  do  so.  Those, 
gentlemen,  are  the  remarks  which  I  have  felt  myself  called  upon  to  make  upon  the  unreasonable  time 
which  has  been  occupied  to-night  with  this  our  first  paper. 


A  FEW  YEARS'  EXPERIENCE  OF  THE  SCREW  PROPELLER:  ITS  LESSONS  AND 

RESULTS. 


By  Arthur  J.  Maginnis. 

[Eead  at  the  Twentieth  Session  of  the  Institution  of  Naval  Architects,  3rd  April,  187.9, 
N.  Baenaby,  Esq.,  C.B. ,  Vice-President,  in  the  Chair.] 


Of  all  the  numerous  matters  connected  with  steamships  which  have  engaged  the 
attention  of  scientific  men,  that  of  the  Screw  Propeller  seems  to  be  the  most  intricate  and 
incomprehensible. 

A  study  of  the  numerous  papers  and  articles  which  have  been  written,  reveals  how  widely 
opinions  diflfer  on  its  many  subjects,  and  also  points  out  the  strange  fact,  that  experience 
(the  most  perfect  instructor  in  other  steamship  matters)  has  up  to  recently,  taught  but  little 
of  the  proper  proportions  of  pitch,  surface,  diameter,  or  shape,  although  it  has  given  severe 
and  costly  lessons  of  the  great  strength  required  both  in  the  various  sections  of  the  boss 
and  blades  and  in  the  mode  of  fastening  it  on  the  propeller  shaft. 

A  brief  glance  over  a  few  years'  experience  and  study  of  the  various  propellers,  and  their 
efi'ect  on  the  steering  of  large  ocean  steamers,  may  perhaps  throw  some  light  on  this  great 
engineering  enigma,  and  afford  some  information  of  practical  use. 

The  construction  of  the  propeller  has  of  late  undergone  some  change  from  the  old  style 
of  a  solid  casting,  owing  to  the  great  increase  in  the  size,  which  entails  consideral)le  difficulty 
in  obtaining  cast-iron  ones  of  correct  pitch  and  sound  metal,  a  large  cast-iron  propeller  of 
suitable  strength  weighing  from  21  to  2^  tons. 

The  mode  of  construction  now  most  in  favour  is  that  of  having  a  boss  with  the  blades 
bolted  to  it  by  flanges,  as  shown  on  Fig.  13,  Plate  V.  This  mode  for  propellers  of  16  feet 
diameter  and  upwards  is  superior  to  the  solid  cast-iron  ones,  although  there  is  the  great 
objection  to  it,  that  the  first  cost  is  from  two  to  four  times  greater ;  but  notwithstanding  this 
drawback  it  is  gradually  superseding  the  old  style. 

When  this  method  first  came  into  use  objections  were  raised  to  it,  owing  to  some  of  the 
bosses  having  split  or  broken,  as  shown  on  Fig.  13,  Plate  V.,  and  also  on  account  of  the 
bolts  breaking,  which  caused  the  blades  to  be  lost. 

Owing  to  the  failures  of  the  earlier  cast-iron  bosses,  other  metals  have  been  tried,  such 
as  gun-metal,  brass,  steel,  and  in  one  instance  wrought  iron,  but  with  the  exception  of  the 
latter  the  great  expense  will  always  prevent  their  general  use,  as  a  moderate- sized  boss  of 
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those  muteiiuls  would  cost  from  X90  to  ^140  per  ton,  or  say  from  £Q00  to  jfcl,000  for  many 
sizes  at  present  in  use  of  cast  iron. 

The  difficulty  of  obtaining  a  sound  forging  of  4  or  5  feet  culje  has  up  to  quite  recently 
prevented  wrought  iron  being  used,  but  the  one  in  use  at  present,  which  is  of  the  largest 
size,  has  given  excellent  results,  and  the  price  is  not  so  high  as  to  be  a  serious  objection, 
being  about  25  or  30  per  cent,  more ;  however,  cast-iron  bosses  have  proved  to  be  most 
satisfactory,  and  when  designed  with  a  due  regard  to  the  sectional  strength  will  be  found 
most  suitable  and  reliable. 

The  ordinary  square-edged  flange  of  the  blade  shown  on  Fig.  13,  Plate  V.,  being 
considered  most  objectionable  on  account  of  its  increasing  the  resistance  in  revolving  through 
the  water,  Messrs.  Vickers,  of  Sheffield,  have  introduced  a  very  neat  and  suitable  style 
of  boss;  this  arrangement,  as  shown  on  Fig.  12,  Plate  V.,  consists  in  having  an  angular 
recess  in  the  boss  into  which  the  flanges  of  the  blades  are  neatly  fitted,  so  that  the  fillets 
of  the  four  blades  togther  with  a  small  portion  of  the  boss  form  a  complete  circle. 

The  bolts  attaching  the  blades  to  the  boss  have  been  the  cause  of  very  great  expense 
and  trouble,  but  fortunately  the  difficulty  has  been  got  over  by  the  use  of  larger  sections 
and  best  quality  of  steel ;  the  nuts  are  now  made  of  either  steel  solid-ended,  as  shown  on 
Fig.  12,  Plate  V.,  or  of  the  best  Lowmoor  iron,  open-ended  and  covered  with  Portland 
cement  to  preserve  them  from  the  action  of  the  water. 

In  coming  to  the  subject  of  the  blade  of  the  propeller,  the  first  thing  to  strike  one  is 
the  fact  that  notwithstanding  the  numerous  patented  forms  which  have  been  brought  out, 
the  plain  flat  or  oval-faced  (on  horizontal  section)  blade,  introduced  by  Mr.  Griffiths  some 
years  ago,  is  still  the  most  in  favour.  This  form  is  almost  the  only  one  in  use  on  the 
large  steamers  sailing  from  Liverpool,  after  many  trials  of  patented  forms,  a  fact  which 
would  lead  one  to  believe  that,  taken  altogether,  it  possesses  most  of  the  various  qualities 
requisite  for  a  serviceable  propeller. 

The  blades  of  the  propeller  have  been  made  of  almost  every  possible  shape,  form, 
material,  number,  and  pitch  ;  one  proposing  that  they  should  be  bent  forward,  another  that 
they  should  be  bent  backward,  another  that  the  point  of  the  blade  should  be  in  advance  of 
the  root,  another  that  the  root  should  be  in  advance,  another  that  the  blade  should  be 
straight,  another  that  the  horizontal  sections  of  the  blade  should  be  concave,  another  that 
they  should  be  convex,  another  that  they  should  be  the  shape  formed  by  an  actual  screw  thread, 
another  that  they  should  have  a  largo  diameter,  another  tliat  they  should  have  a  small 
diameter,  and  so  on,  until  the  owner  or  engineer  of  a  steamship  knows  not  which  to  act 
upon  or  what  to  do ;  and  the  strangest  thing  of  all  is,  that  they  are  supported  by  tabulated 
statements  and  records  showing  the  superior  advantages  of  the  so-calleil  improvements. 

Fig.  10,  Plate  v.,  shows  various  shapes  which  were  successively  tried  and  found  to  be 
unsuitable,  as  their  forms  necessitated  a  thick  medial  section  to  prevent  them  breaking  at  or 
about  the  parts  marked,  as  was  the  case  with  many.  Another  serious  defect  was 
the  great  vibration  caused  by  them.  Several  of  the  principal  styles  of  patented  pro- 
pellers have  also  been  tried,  but  when  the  propeller  required  renewal  they  were  given  up  on 
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account  of  not  giving  sucli  superior  results  as  would  compensate  for  their  extra  expense  and 
difficulty  in  making. 

Of  all  the  numerous  shapes  of  blade  tried  up  to  the  present  time  that  shown  on 
Fig.  9,  or  slight  modifications  of  it,  has  proved  the  most  satisfactory,  and  is  now 
almost  the  only  shape  in  use  on  the  Transatlantic  steamers.  The  advantages  of  this  form 
are,  that  it  has  proved  to  possess  the  required  strength  with  a  moderate  sectional  thickness, 
it  is  thoroughly  reliable  in  all  weathers,  and  has  lessened  the  vibration  considerably. 

Concerning  the  question  of  the  number  of  blades  a  propeller  should  have,  numerous 
trials  have  been  made.  The  results  given  by  the  two-bladed  propeller  are  that  they  drive  the 
vessel  well,  but  with  almost  every  form  of  blade  they  cause  vibration,  and  there  is  the  decided 
objection  to  them  of  being  easily  disabled.  Three-bladed  propellers  have  also  been  tried, 
and  have  been  found  to  be  altogether  unsuitable  for  large  fine-lined  steamships,  as  they 
cause  excessive  vibration.  Six  blades  have  also  been  tested,  but  gave  no  improvement,  so 
that  under  all  conditions  the  four-bladed  propeller  has  been  found  to  answer  the  purpose 
best,  and  is  consequently  the  most  in  favour. 

We  now  come  to  the  much-vexed  questions  of  pitch  and  diameter ;  the  relative  merits 
of  pitches  coarse  or  fine,  uniform  or  varying,  or  of  diameters  large  or  small,  have  long  been 
subjects  of  serious  consideration  to  marine  engineers.  The  writer  has  during  the  past  few 
years  endeavoured  to  obtain  some  reliable  statistics  bearing  on  them,  as  propellers  of  both 
different  pitches  and  diameters  have  been  used  on  the  same  steamers  directly  under  his 
notice.  The  tables  on  pages  91,  92,  which  have  been  compiled  from  the  logs  of  three  of  the 
largest  Transatlantic  steamers,  will  show  in  a  brief  form  some  interesting  information  :  the 
voyages  made  with  the  different  propellers  being  placed  together  when  they  have  been  made 
under  similar  circumstances,  that  is,  the  same  length  of  time  out  of  dry  dock,  the  same 
state  of  weather,  displacement.  &c.,  as  near  as  possible,  so  as  to  show  the  fairest  comparisons 
under  the  many  circumstances  which  materially  affect  the  screw  propeller.  In  addition  to 
these,  the  results  obtained  from  H.M.S.  Iris,  which  are  the  most  remarkable  experiments  yet 
made,  are  also  given,  similarly  arranged. 

By  these  results  it  will  be  seen  that  propellers  of  small  diameter  have  in  each  case 
proved  the  most  economical  and  effective  :  that  on  the  steamship  Alpha  having  given  a 
reduction  of  3  per  cent,  slip,  and  111  tons  of  coal  on  round  voyage,  and  an  increase  of  '3 
knots  per  hour  in  speed;  that  on  the  steamship  Beta  gave  a  reduction  of  2"1  per  cent,  slip, 
and  63  tons  of  coal  on  round  voyage,  and  an  increase  of  half  a  knot  per  hour  in  speed; 
that  on  the  steamship  Gamma  gave  a  reduction  of  2  per  cent,  slip,  aud  152  tons  of  coal  on 
round  voyage,  and  an  increase  of  half  a  knot  per  hour  in  speed. 

In  the  case  of  H.M.S.  Iris  the  particulars  are  taken  from  the  reports  published  in  the 
Times  ;  by  these  it  will  be  seen  that  the  smaller  propellers  proved  much  superior,  having 
driven  the  vessel  at  a  speed  of  18|-  knots  per  hour,  which  the  larger  propellers  were  totally 
unable  to  do  ;  the  smaller  propellers  also  gave  a  speed  of  16|-  knots  (the  maximum  of  the 
larger)  with  about  two-thirds  of  the  indicated  horse-power.  The  consumption  on  the  trials  has 
unfortunately  not  been  published,  but  if  we  assume  it  to  be  2  lb.  per  indicated  horse- 
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STEAMSHIP  "ALPHA." 

Large  PrajD^Zfe)-— Diameter  23  ft.  6  in.  Pitch  at  Boss  20  ft.,  at  Peripli.  33  ft.  Mean  30  ft.  Surface  124  eq.  ft. 
Small  Propeller— Did^metev  21  ft.    Pitch  at  Boss  29  ft.,  at  Pcriph.  30  ft.  Mean  29  ft.  6  in.    Surface  153  sq.  ft. 


Outward  Voyage. 

HoMKWARD  Voyage. 

Voyage. 

Average 
Revolutions. 
Per  Minute. 

Average 

Slip 
Per  Cent. 

Average 
Speed. 
Knots  pr  hour 

Total 
Consumption. 
Tons. 

Average 
Revolutions. 
Per  Minute. 

Averngo 

Slip. 
Per  Cent. 

Average 
Speed. 
Knots  pr  hour 

Total 
Consumption. 
Tons. 

Large. 

Small. 

Large. 

Small. 

Large. 

Small. 

Large. 

Small. 

Large. j  Small. 

Large. 

Small. 

Large. 

Small. 

Large. 

Small. 

A 

58 

54-8 

11-9 

6-1 

14-7 

15 

873 

905 

52-7 

54-« 

11-7 

6-1 

14-7 

15 

925 

825 

B 

53-5 

56-1 

10-5 

9-8 

14-1 

14-7 

1,01G 

915 

53-4 

54-8 

G-6 

6.7 

15 

15 

940 

885 

Mean 

53-25 

55-4 

11-2 

7-9 

14-4 

14-8 

944 

910 

52-5 

54-8 

9-1 

6-4 

14-8 

15 

932 

855 

Home 

52-5 

9.1 

14-8 

932 

Out 

55-4 

7-9 

14-8 

910 

Round 
Voyage 

52-8 

lO-l 

14-6 

1,876 

55-1 

71 

14-9 

1,765 

Large  Propeller 

52-8 

10-1 

14-6 

1,876 

Results. 

Small 

do. 

55-1 

7-1 

14-9 

1,765 

In  favour  of  Small 

3 

•3 

111 

STEAMSHIP  "  BETA." 

Propellers  as  above. 


OoTW^ED  Voyage. 

HoMEw.ARD  Voyage. 

Voyage. 

Average 
Revolutions. 
Per  Minute. 

Average 

Slip. 
Per  Cent. 

Avers  ge 
Speed. 
Knots  pr  hour 

Total 
Consumption. 
Tons. 

Average 
Revolutions. 
Per  Minute. 

Average 

Slip. 
Per  Cent. 

Average 
Speed. 
Knots  pr  hour 

Total 
Consumption. 
Tons. 

Large. 

Small. 

Large. 

Small. 

Large. 

Small. 

Large. 

Small. 

Large. 

Small. 

Large. 

Small. 

Large. 

Small. 

Large. 

Small. 

A 

52-4 

5G'l 

9-1 

8-8 

14-8 

15-6 

874 

810 

52-3 

55-4 

8-9 

G-3 

15-4 

15-4 

"928" 

845 

B 

51-8 

54-6 

14-5 

12-3 

13-8 

14-7 

955 

833 

51 

54-9 

12 

11-8 

14-4 

14.6 

759 

902 

Mean 

52-1 

55-4 

11-8 

10-5 

14-3 

15-1 

915 

822 

51-6 

54-6 

10-4 

9 

14-9 

15 

844 

874 

Home 

51^6 

10-4 

14-9 

844 

Out 

55-4 

10-5 

15 

822 

Round 
Voyage 

51-8 

111 

14-6 

1,759 

55 

9-7 

15 

1,696 

Large  Propeller 

51-8 

11-1 

14-6 

1,759 

Results. 

Small 

ditto 

55 

9-7 

151 

1,696 

In  favour  of  Small  ' 

2-4 

•5 

63 
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STEAMSHIP  "GAMMA." 

Large  Propeller— DiAmeier  21  ft.  6  in.  Pitch  at  Boss  29  ft.  6  in.,  at  Periph.  32  ft.  6  in.  Mean  31  ft.  Surface  128  sq.  ft. 
Small  Propeller— Dxa.m&tex  20  ft.  Pitch  at  Boss  27  ft.  3  in.,  at  Periph.  28  ft.  7  in.   Mean  28  fc.  Surface  124  sq.  ft. 


Outward  Voyage. 

HOMEWAKD 

Voyage. 

Voyage. 

Average 
Eevolutions. 
Per  Minute. 

Average 

Slip. 
Per  Cent. 

Average 
Speed. 
Knots  pr  hour 

Total 
Consumption. 
Tons. 

Average 
Revolnticns. 
Per  Minute. 

Average 

Slip. 
Per  Cent. 

Average 
Speed. 
Knots  pr  hour 

Total 
Consumption. 
Tons. 

Large. 

Small. 

Large. 

Small. 

Large. 

Small. 

Large. 

Small. 

Large. 

Small. 

Large. 1  SmaU. 

Large. 

SmaU. 

Large. 

SmaU. 

A 

45-9 

52-6 

12 

9-G 

12-3 

13-1 

777 

627 

46-8 

51-6 

3-5 

2-8 

13-8 

13-8 

672 

593 

B 

45-4 

52-9 

17-4 

13 

11-4 

12-1 

872 

755 

46>2 

53-4 

3-6 

2-7 

13-6 

14-3 

672 

723 

Mean 

45-6 

52-7 

14-7 

11-3 

11-8 

12-5 

824 

691 

46-5 

52-5 

3-5 

2-7 

13-7 

14 

672 

653 

Home 

46-5 

3-5 

13-7 

672 

Out 

52-7 

11-3 

12-5 

691 

Eound 
Voyage 

46 

9-1 

12-7 

1,496 

52-6 

7 

13-2 

1,344 

Large  Propeller 

46 

9-1 

12-7 

1,496 

Results. 

SmaU 

ditto 

52-6 

7 

13-2 

1,344 

In  favour  of  Small 

2-1 

•5 

152 

H.M.S.  "IRIS." 


Large  Propellers — Diameter  18  ft.  6  in.  Mean  Pitch  18  ft.  6  in. 
Small  Propellers — Diameter  16  ft.  3  in.    Mean  Pitch  20  ft.  6  in. 


Speed  per  Hour. 

Average  Revolutions. 

Indicated  Horse  Power. 

Consumption  at  2  lbs.  per  LH.P. 

Knots. 

Large. 

SmaU. 

Large. 

Small. 

Larce. 
Cwt. 

Small. 
Cwfe. 

12 

65 

61 

2,561 

1,837 

45-7 

32-8 

16i 

87-9 

86 

7,478 

5,132 

133-5 

91-6 

18i 

97 

7,734 

138 

Speed. 

L  H.  P. 

Consumption. 

In  favour  of  Small  Propellers. 

12  knots 

724  letss 

12-9  cwt.  per  houi'  =  16  tons  per  day. 

16i 

n 

2,346  „ 

42  „ 

„  =50 

18i 

1 ) 
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power,  the  saving  of  fuel  effected  at  this  speed  wouhJ  be  about  42  cwt.  per  hour, 
or  50  tons  per  day,  and  at  a  speed  of  12  knots  about  13  cwt.  per  hour,  or  1 G  tons 
per  day. 

From  the  foregoing  it  is  evident  that  the  small  diameters  give  the  best  results,  and 
also  (excepting  in  the  case  of  the  Iris)  that  the  existing  pitches  are  a  little  too  coarse,  for  if 
the  speed  of  piston  will  allow  it,  a  slightly  reduced  and  more  uniform  pitch  will  be  found 
advantageous  in  many  ways,  as  was  found  to  be  the  case  with  the  Gamma,  the  piston  speed 
having  been  raised  from  4 GO  to  620  feet  per  minute  by  the  smaller  propeller,  and  since  the 
increase  the  engineers  have  reported  the  general  working  of  the  machinery  to  be  greatly 
improved. 

The  superior  qualities  of  the  present  favourite  shape  of  blade  has  also  served 
to  bring  about  some  of  the  foregoing  improvements,  especially  to  reduce  the  vibration; 
it  will  also  he  noticed  that  the  form  of  blades  which  gave  such  good  results  on  the  Iris  are 
almost  similar  to  those  now  in  general  use  on  the  Transatlantic  steamers.  The  dilTercnt 
propellers  used  on  these  occasions  are  shown  on  Fig.  9,  Plate  V. 

The  next  subject  to  be  noticed  concerning  the  screw  propeller,  owing  to  the  great 
expense  which  it  causes,  is  the  extensive  corrosion  which  takes  place  on  the  back  of  the 
blades  ;  and  to  so  serious  an  extent  does  this  corrosion  take  place  that  it  renders  the  life  of 
a  large  cast-iron  propeller  extremely  short,  being  only  about  two  years  and  a  half  when  in 
constant  service.  Steel  blades  are  also  affected  by  it,  but  improved  steel  has  lately  been 
introduced,  which  has  been  found  to  last  from  three  to  four  years. 

The  cause  of  this  corrosion  has,  like  every  other  matter  connected  with  the  propeller, 
given  rise  to  much  difference  of  opinion,  the  most  general  being  attributed,  to  the  Tacuum 
at  the  back  of  the  blade  ;  but  as  corrosion  also  takes  place  upon  the  driving  face  of  the  blade, 
along  by  the  leading  edge,  some  other  means  must  be  at  work  to  have  such  an 
effect.  Having  carefully  examined  many  propellers  which  had  been  condemned,  owing 
to  their  corroded  condition,  it  is  the  writer's  opinion  that  the  great  cause  of  it  is 
the  formation  of  some  acid  by  the  mixing  of  the  atmosphere  and  salt  water,  which 
attacks  the  iron ;  this  mixing  is  caused  by  the  descending  blades  of  the  propeller  when 
crossing  the  top  centre,  having  displaced  the  water,  and  also  formed  a  partial  vacuum 
at  the  back  of  the  blades,  which  then  draws  in  water  highly  charged  with  air,  otherwise 
foam,  and  if  the  vessel  be  light,  pure  air,  which  will  be  carried  down  into  the  water  by 
the  blades. 

^lany  arrangements  have  been  designed  to  prevent  this  corrosion,  such  as  fastening 
zinc  plates  to  the  backs  of  the  blades,  and  also  iron  plates.  Covering  the  blades  with  a 
coating  of  vulcanite  has  been  tried,  but  it  would  not  remain  on,  owing  to  the  friction.  A 
Portland  cement  coating  has  also  been  used,  but  with  no  better  success.  Another  design 
which  has  recently  been  brought  out  in  New  York  to  prevent  the  corrosion,  is  to  perforate 
the  blades  of  the  propeller  w'ith  holes  (as  shown  on  sketch),  the  diameters  of  Avhich  decrease 
as  they  approach  the  circumference ;  the  holes  are  also  countersunk  on  the  driving 
face  of  the  blade.    Numerous  other  advantages  are  claimed  for  this  improvement,  which 
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if  on  trial  prove  effectual  will  more  or  less  revolutionise  screw  propellers.  The  usual 
course  of  the  corrosion  is  shown  on  Fig.  10,  Plate  V.,  the  blade  A  showing  the  driving 
side  and  B  the  back  side,  the  darker  parts  being  those  where  the  corrosion  is  quickest. 

The  mode  of  attaching  the  propeller  to  the 
shaft  is  a  point  of  which  it  cannot  be  said 
that  experience  has  taught  nothing,  as  almost 
daily  accidents  occur  which  show  the  necessity 
of  great  care  being  used  when  fitting  on  a  pro- 
peller. If  the  boss  be  not  a  perfect  fit  on  the 
shaft,  it  is  not  to  be  expected  that  the  keys  will' 
be  able  for  their  work,  nor  is  the  propeller  nut 
to  be  depended  upon  to  keep  tight. 

Several  cases  have  come  under  the  writer's 
notice  during  the  last  few  years,  of  disable- 
ment through  apparent  defect  in  the  keys, 
whereas  if  the  boss  had  been  carefully  fitted 
the  keys  would  have  been  found  amply  strong. 
One  of  these  cases  was  that  of  a  new  cast- 
iron  propeller,  which  had  been  put  on  with  the  old  keys.  On  the  return  of  the  vessel  the 
propeller  was  reported  loose  on  the  shaft,  and  on  examination  it  was  found  that  one  key  was 
sheared  across,  and  that  the  boss  had  been  working  to  a  serious  extent :  after  this  a  careful 
fit  was  made  and  keys  of  the  same  dimensions  fitted,  with  a  result  which  proved  they  were  of 
ample  section.  The  method  often  adopted  of  putting  the  keys  at  right  angles  is  open  to 
serious  objections,  owing  to  the  great  difficulty  they  present  of  making  the  boss  a  proper  fit, 
and  should  never  be  adopted  with  large  propellers,  but  where  there  are  two  keys,  which  is 
always  desirable,  they  should  be  placed  opposite  to  one  another.  Another  danger  in  the 
fastening  of  propellers  is  that  of  allowing  too  short  a  length  of  key,  which  renders  it  liable  to 
be  sheared  across  or  to  fracture  the  boss  ;  the  latter  defect  is  often  found  to  take  place  when 
the  propeller  boss  is  cored  out  in  the  inside,  and  the  key  only  fitted  in  the  forward  end,  as  is 
generally  the  case. 

The  nut  securing  the  boss  on  the  shaft  has  in  a  few  instances  given  trouble  by  slacking 
back  and  injuring  the  rudder  post.  To  avoid  this  the  nuts  should  in  all  cases  be  fitted  on  a 
screw  of  an  opposite  hand  to  the  propeller ;  that  is,  if  the  propeller  be  right  hand,  the  nut 
should  be  fitted  left  hand,  and  vice  versa. 

At  the  present  time  much  difference  of  opinion  prevails  as  to  tlic  question  of  solid  cast- 
iron  or  movable-bladed  propellers;  on  this  question  the  following  incidents  which  have 
occurred  will  perhaps  be  of  some  service.  Some  time  ago,  a  large  Atlantic  steamer,  when 
shifting  docks  a  few  days  before  the  date  of  sailing,  fouled  the  dock  wall  with  the  propeller, 
and  broke  off  one  of  the  blades.  This  accident,  though  slight  in  itself,  was  enough  to  prevent 
her  sailing,  as  to  have  a  new  propeller  she  would  require  to  go  into  dry  dock,  whereas  had  it 
been  a  movable  blade  it  could  have  been  replaced  when  the  vessel  was  afloat,  and  thus  have 
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allowed  her  to  sail  at  the  appointed  time.  Another  case  was  that  of  a  large  steamer  on  the 
South  Pacific  coast,  which  broke  her  propeller,  and  was  detained  some  weeks  until  a  caisson 
to  fit  the  stern  was  built  so  as  to  get  at  the  propeller,  as  there  was  no  dry  dock  large  enough 
to  admit  her.  On  the  other  hand,  another  steamer,  with  a  movable-bladed  propeller,  broke 
all  the  blades  when  within  a  few  days'  sail  of  a  Brazilian  port,  into  which  she  sailed  and 
replaced  the  blades  by  lightening  the  ship  aft,  the  delay  being  one  week,  of  which  only 
two  days  were  occupied  in  taking  off  the  old  stumps  and  putting  on  the  spare  blades  which 
she  had  on  board,  the  other  days  being  occupied  in  discharging  and  replacing  cargo.  Other 
objections  to  solid  propellers  are  their  great  size,  which  occupies  so  much  cargo  space  when 
carried  as  spare,  and  in  case  of  breaking  off  one  blade  the  entire  propeller  has  to  be 
condemned ;  and  again,  an  entire  propeller  has  always  to  be  kept  in  reserve,  as  it  occupies 
so  long  a  time  making,  say  from  eight  to  nine  weeks ;  so  that  although  the  first  cost  of  the 
movable  style  is  from  two  to  three  times  as  expensive  as  the  solid,  the  great  advantages  they 
possess  of  quickly  and  easily  effected  repairs  (which  prevent  serious  delays)  have  proved 
them  to  be  the  most  useful.  The  table  showing  the  particulars  of  the  i)ropellers  of  some  of 
the  largest  steamers  sailing  from  Liverpool  will  show  the  general  practice  and  dimensions 
now  used. 


PARTICULARS  OF  PROPELLERS  OF  LIVERPOOL  STEAMERS. 


Name  of 

leter. 

Pitch. 

face. 

limber 
Blades. 

Material. 

Weight. 

Right 
or  Left 

Diam.  of  Cylinders. 

o 

09  d 
■p  ^ 

®  eg 
Co 

^« 

Steamer. 

a 

At 

At 

Mean. 

Boss. 

Blades. 

Tns. 

Cwt. 

Hand. 

H.P. 

LP. 

u 

S 
o 

Boss. 

Perip. 

o 

No. 

Dia. 

No. 

Dia. 

w 

«s. 

tKtS 

Iberia   

ft. 
21 

in. 
0 

ft.  in. 
25  0 

ft.  in. 
29  0 

ft.  in. 
26  4 

sq.  ft. 
Ill 

4 

Steel 

steel 

18 

1 

Right 

1 

56 

2 

78 

ft.  in. 
5  0 

52 

14 

City  of  Berlin 

21 

0 

31  0 

81  6 

31  3 

130 

4 

Cast 

Iron 

20 

1 

72 

1 

120 

5  6 

55 

15^ 

23 

6 

26  0 

33  0 

30  0 

124 

4 

SWrt? 
aronS 

steel 

21 

13 

2 

48 

2 

83 

5  0 

52 

Bothnia   

20 

10 

26  6 

29  7 

28  1 

113 

4 

(Cast! 
(Iroii5 

Steel 

15 

10 

1 

60 

1 

104 

4  6 

52 

13J 

Ohio  

17 

0 

24  0 

4 

1 

57 

90 

4  0 

60 

13 

Sardinian  ... 

20 

0 

24  0 

26  6 

25  6 

107 

4 

$Cast? 
(Ironj 

steel 

16 

Left 

1 

60 

1 

104 

4  0 

54 

13^ 

Gallia   

21 

0 

26  0 

33  0 

30  0 

116 

4 

SCast? 
hronS 
SCast 
clron 

steel 

21 

Right 
Left 

1 

61 

2 

84 

5  0 

56 

14i 
12i 

20 

6 

Uni 

form. 

26  0 

120 

4 

Cast? 
IronS 

4 

1 

60 

1 

106 

4  6 

51 

Ordinary 
Griffiths. 


Of  the  many  and  varied  ways  in  which  a  propeller  may  become  disabled,  it  may  be  of 
interest  to  mention  a  few  of  the  most  remarkable.  In  1873  the  Celtic  fouled  some  floating 
wreckage  off  the  south  coast  of  Ireland,  and  lost  the  entire  propeller.  In  1S7J:  the  Scythia 
struck  a  large  whale,  and  broke  off  three  blades.  In  1877  the  City  of  Berlin  became  disabled 
by  the  keys  in  the  propeller  boss  having  fractured  the  boss  to  their  own  depth,  or  in  other 
words  turned  out  the  metal,  as  shown  on  Fig.  11,  Plate  V.  Another  peculiar  disablement 
of  a  propeller  is  shown  on  the  same  drawing.    This  occurred  to  the  City  of  Chester  in 
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1878;  as  may  be  seen,  the  propeller  broke  through  the  boss,  losing  two  of  the  blades,  but  the 
fracture  not  being  large  enough  at  the  after  end  to  clear  the  shaft's  diameter,  it  hung  in 
its  place  until  the  vessel  arrived  in  port. 

Throughout  the  year  1878  there  were  upwards  of  thirty-three  cases  of  disabled  propellers 
reported  in  one  of  the  Liverpool  daily  papers  (not  a  shipping),  and  no  doubt  this  would  be 
but  a  small  fraction  of  the  large  number  which  had  actually  taken  place. 

Attention  has  been  called  in  another  portion  of  this  paper  to  the  square-edged  flanges  of 
the  blades,  owing  to  the  great  power  absorbed  in  driving  them  through  the  water;  another 
serious  addition  to  them  is  the  thick  medial  sections  of  the  blades,  which  have  of  late  years 
been  made  extra  thick  owing  to  the  many  breakages.  It  is  to  these  pointsattention  must  be 
turned  in  the  future,  in  order  to  increase  the  efficiency  of  the  screw  propeller  by  an  improved 
mode  of  attaching  the  blades,  which  will  allow  of  reduced  size  and  different  shape  of  boss, 
and  the  adoption  of  a  reasonably  priced  metal  of  great  strength  combined  with  lightness, 
which  will  allow  of  a  great  reduction  in  the  sectional  thickness.  A  step  in  the  right  direction 
has  been  taken  by  Mr.  Howden,  of  Glasgow,  who  some  time  ago,  in  a  paper  read  before  the 
Institution  of  Naval  Architects,  brought  forward  in  a  most  lucid  manner  the  great  loss 
occasioned  by  the  present  form  of  propellers  owing  to  the  foregoing  defects,  and  has  designed 
a  new  principle  of  construction  which  bears  about  it  a  look  of  being  up  to  its  work,  although 
men  long  experienced  in  the  subject  have  stated  that  it  looks  weak  about  the  root  of  the 
blade ;  still,  when  the  great  reduction  in  the  useless  area  and  the  thin  sections  of  the  blade 
be  considered,  it  may  prove  amply  strong,  a  fact  which  a  short  trial  on  a  large  steamer  would 
soon  show. 

As  almost  everything  in  the  matter  of  speed,  safety,  and  prestige  which  large  steamship 
companies  and  owners  value  so  highly  rest  upon  the  propeller  being  thoroughly  reliable  and 
efficient,  it  may  be  of  interest  to  note  what  experience  has  taught  as  to  the  design  of  large 
propellers  with  the  metals  and  forms  in  use  up  to  the  present  time,  rejecting-  the  various 
ones  proposed  ;  for  so  much  depends  upon  it,  owners  are  exceedingly  averse  to  trving 
experiments;  as  one  of  them  remarks,  "  they  prefer  the  safe  to  the  scientific." 

For  propellers  of  16  feet  diameter  and  upwards,  the  system  of  having  the  boss  and  four 
blades  separate  is  the  best,  the  former  being  made  of  superior  cast  iron  annealed,  care 
being  taken  not  to  have  it  cored  out  too  much,  as  this  has  caused  the  failure  of  many.  The 
blades  should  be  of  the  improved  steel  recently  introduced,  of  the  shape  shown  on  Fig.  9, 
with  a  good  substantial  section,  the  thickness  at  the  root  being  ^  inch  to  ~  inch  for  each 
foot  of  diameter :  about  2  inches  in  from  the  tip  the  thickness  should  be  about 
1  inch  or  inches.  The  points  of  the  blades  should  be  bent  from  2  to  3  inches  aft  of  the 
straight  or  perpendicular  line  of  medial  section,  commencing  r.bout  2  feet  6  inches  from  the 
tip :  the  horizontal  sections  on  the  back  of  blade  being  convex,  of  increasing  radii  as 
they  approach  the  tip,  and  on  the  driving  or  after  face  slightly  convex  at  the  root,  gradually 
decreasing  till  they  become  straight.  The  pitch  should  not  vary  more  than  two  feet  at  the 
most,  and  should  be  fine  enough  to  allow  the  engines  to  work  at  a  piston  speed  of  from  5(J0 
to  500  feet  per  minute.   However,  these  statements  may  be  subject  to  many  conditions,  and 
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from  the  strange  results  which  have  of  late  hcen  obtained  from  propellers,  and  which  have 
overthrown  the  long-recognised  rules  and  theories,  it  seems  to  the  writer  that  on  this 
subject  no  stated  rules  can  apply,  as  almost  every  steamer  requires  a  certain  propeller,  which 
unfortunately  only  well-watched  trials  will  show  or  reveal,  but  it  may  be  safely  said  that  the 
engines  as  a  rule  are  at  present  overweighted  or  overscrewed,  the  pitches  being  slightly  on  the 
coarse  side  and  the  diameters  unnecessarily  large. 

We  now  come  to  the  question  relating  to  the  propeller  which  has  of  late  been  most 
before  the  public,  that  is,  the  effect  on  the  steering  of  the  steamer.  From  a  short  experience 
and  study  of  this  important  subject,  the  writer  is  of  opinion  that  the  effect  is  contrary  when 
the  steamer  is  startin  g  or  moving  slowly  ahead  to  that  which  has  been  generally  stated  and  accepted . 
It  has  often  been  stated  that  steamers  with  right-handed  propellers  would  (if  the  helm  were 
kept  amidships  and  aflat  calm  prevailed)  go  round  in  a  circle  to  the  right  hand  (or  starboard), 
and  left-handed  propellers  in  a  circle  to  the  left  hand  (or  port).  The  diagrams  with  the 
following  explanations,  will  serve  to  render  more  clearly  the  opinions  for  the  contrary  being 
the  case,  when  the  steamer  is  just  starting  or  moving  slowly  ahead,  i.e.,  that  a  right-handed 
propeller  will  make  the  ship  describe  the  circle  to  the  left  hand  and  vice  versa.  Plans  of 
vessels  with  right  and  left  handed  propellers  are  shown  with  arrows  pointing  to  the  courses 
which  each  would  take,  and  under  two  of  these  plans  are  vertical  elevations  of  the  propeller 
looking  forward,  the  water  above  the  centre  line  of  shaft  on  each  diagram  being  shaded 
light  and  that  below  dark  for  the  sake  of  distinction  ;  Figs.  1  and  2,  Plate  V.,  being  the 
first  case,  when  the  steamer  is  just  starting,  and  Figs.  3  and  4,  Plate  V.,  the  second  case, 
when  the  steamer  is  going  ahead  at  a  moderate  or  full  speed.  In  the  first  case  it  may  be 
seen  that  the  water  acted  on  by  the  top  blade  A  has  a  most  roundabout  way  of  getting 
to  the  screw  port,  and  is  consequently  much  disturbed  ;  so  that  the  resistance  to  the 
blade  is  greatly  decreased,  as  is  also  that  to  the  ascending  blade  D,  which,  owing  to  the 
decreasing  density,  is  gradually  inclining  to  lift  or  push  the  water  before  it.  Then  turning 
to  the  other  blades,  it  may  be  seen  that  the  lower  blade  C  is  thrusting  against  the  most  dense 
and  least  disturbed  water,  and  the  descending  blade  B  is  gradually  meeting  with  increasing 
resistance  ;  the  consequence  being  that  as  the  resistance  to  the  lower  blades  is  much  greater 
than  that  to  the  upper,  the  centre  of  shaft,  being  the  centre  of  efibrt,  will  be  inclined  to  move 
in  the  same  direction  as  the  upper  blades,  which  have  the  lesser  resistance  (this  direction  is 
shown  by  the  arrows) ;  and  as  the  stern  of  the  ship  contains  or  holds  this  centre  of  effort, 
it  must  of  necessity  tend  to  go  in  the  same  direction,  which  in  the  case  of  the  right- 
handed  propeller  will  be  to  the  right  hand,  so  that  the  vessel's  head  will  go  off  to  the  left 
hand  (or  port).  In  the  case  of  the  left-handed  propeller,  for  the  same  reasons,  the  stern  of 
the  vessel  must  of  necessity  tend  to  go  to  the  left  hand,  and  thus  make  the  vessel's  head  go 
off  to  the  right  hand  (or  starboard). 

In  brief  nautical  language  the  result  is,  when  steamers  are  just  starting  those  with 
riglit-handed  propellers  will  answer  their  starboard  helm  quickest,  and  those  with  left-handed 
propellers  their  port  helm.  Then,  taking  the  second  case,  when  the  steamer  is  going  at 
a  moderate  or  full  speed  ahead,  it  will  be  seen  that  the  water  above  the  centre 
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line  of  shaft  has,  as  Professor  Reynolds  expresses  it,  obtained  an  onward  motion  in  the  same 
direction  as  the  vessel  herself,  and  consequently,  owing  to  this,  the  water  presents  to  the 
upper  blades  of  the  propeller  a  much  greater  resistance  than  to  the  lower,  so  that  in  this  case 
the  directions  of  the  arrows  on  the  vertical  elevations  will  be  exactly  reversed,  and 
therefore  the  vessel's  head  will,  if  a  right-handed  propeller,  go  oflf  to  the  right  hand  (or  star- 
board), and  if  left-handed  to  the  left  hand  (or  port\  In  nautical  language,  steamers  going  at 
moderate  or  full  speed  ahead  with  right-handed  propellers  will  answer  their  port  helm  best, 
and  those  with  left-handed  propellers  their  starboard  helm  best.  On  the  other  hand,  or 
third  case,  when  the  engines  and  vessel  are  both  going  astern  either  slowly  or  at  full  speed, 
the  effect  of  a  right-handed  propeller  is  to  draw  the  steamer's  head  to  the  right  (or  star- 
board), and  of  a  left-handed  one  to  draw  the  steamer's  head  to  the  left  (or  port),  that  is, 
provided  there  is  no  wind  blowing,  and  that  the  rudder  is  kept  amidships,  for  if  it  be  moved 
it  will  produce  strange  results,  which  I  hope  to  point  out  later  on. 

The  most  important  matter,  however,  concerning  the  action  of  the  propeller  on  the 
steering  is  the  effect  brought  about  by  the  sudden  reversing  of  the  engines  from  full  speed 
ahead  to  full  speed  astern,  the  vessel  still  having  considerable  headway  on,  as  is  the  case 
when  coming  into  collision,  and  it  is  under  these  circumstances  that  the  peculiar  effects 
have  mostly  taken  attention ;  these  may  be  to  some  extent  accounted  for  by  the  fact  that  the 
water  or  current  which  acts  upon  the  rudder  is  drawn  by  the  reversing  propeller  in  a  direc- 
tion directly  opposite  to  that  in  which  it  would  act  upon  it  if  the  propeller  were  at  rest,  as  is 
shown  on  the  diagram  Fig.  7,  Plate  V.,  which  is  a  plan  of  a  vessel  supposed  to  have  great 
headway  on  with  her  helm  hard  a-port,  and  the  propeller  (right-handed)  working  full  speed 
astern.  According  to  this  it  may  be  seen  that  the  real  action  of  the  rudder  under  these 
circumstances  is  to  turn  the  vessel's  head  to  the  left  (or  port),  that  is,  in  a  direction  directly 
opposite  to  that  which  had  been  intended;  the  plan  alongside  of  it.  Fig.  8,  Plate  V., 
showing  the  course  or  direction  intended,  and  which  would  have  been  taken  had  the 
propeller  been  stopped  and  not  reversed. 

This  peculiar  action  is  also  assisted  by  the  different  effects  of  the  top  and  bottom  blades 
referred  to  before,  as  the  vessel's  head  will  cant  most  and  readiest  when  the  rudder  and  propeller 
are  acting  in  conjunction,  or  to  speak  more  plainly,  when  the  rudder  is  placed  to  cant  the 
vessel's  head  in  the  same  direction  as  the  propeller  would  turn  it. 

These  statements  are  to  some  extent  borne  out  if  the  reports  of  actual  trials  made  by 
Professor  Osborne  Reynolds  on  the  steamer  Melrose,  in  1877,  pubhshed  in  the  Engineering 
papers,  be  correct.  Figs.  5  and  6,  Plate  V.,  are  plans  showing  these  results.  It  may  be  seen 
that  on  the  first  experiment  the  steamer's  head  had  turned  twenty-eight  degrees  to  the  left 
(or  port),  the  helm  being  hard  a  port,  and  on  the  second  experiment  the  steamer's  head  had 
turned  forty  degrees  to  the  right  (or  starboard),  the  helm  being  hard  a-starboard ;  the 
courses  actually  taken  being  in  both  cases  directly  opposite  to  that  which  the  rudder  under 
ordinary  circumstances  would  have  steered  the  vessel. 

The  additional  effect  to  the  steering  given  by  the  propeller's  own  action  is  shown  very 
clearly  in  the  second  experiment  by  the  greater  angle  (forty  degrees)  canted  to,  than  in 
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the  first,  for  in  this  case  the  rudder  and  propeller  were  acting  in  conjunction,  that  is,  both 
tending  to  make  the  vessel's  head  cant  to  the  right  (or  starboard).  If  the  foregoing  state- 
ments as  to  the  effects  of  screw  propellers  on  the  steering  of  steamers  be  accepted,  tlie 
following  will  be  the  various  effects  under  all  circumstances  for  steamers  with  right  or  left- 
handed  propellers,  so  arranged  as  to  be  suitable  to  place  in  the  wheel-house,  for  the  guidance 
of  the  commanders  and  crew. 


EFFECT  OF  SCREW-PROPELLERS  ON  THE  STEERING  OF  STEAMERS. 
RIGHT-HANDED.  LEFT-HANDED. 

First  case,  Steamer  and  Propeller  both  starting  Ahead. 

Propeller  will  drive  steamer's  head  to  starboard. 
Steamer  will  answer  port  helm  quickest. 


Propeller  will  drive  steamer's  head  to  port. 
Steamer  will  answer  starboard  helm 
quickest. 


Second  case,  Steamer  and  Propeller  both  going  Ahead  Moderate  or  Full  Speed. 


Propeller  will  drive  steamer's  head  to  star- 
board. Steamer  will  answer  port  helm 
quickest.  Steamer  will  require  a  little 
starboard  helm  to  keep  straight  course. 


Propeller  will  drive  steamer's  head  to  port. 
Steamer  will  answer  starhonrd  helm  c[uickest. 
Steamer  will  require  a  little  port  helm  to 
keep  straight  course. 


Third  case^  Steamer  and  Propeller  both  going  Astern. 


Propeller  will  draw  steamer's  head  to  port. 
Steamer  ivill  answer  port  helm  quickest. 


propeller  will  draw  steamer's  head  to  star- 
board. Steamer  will  answer  starboard 
helm  quickest. 

That  is,  if  helm  be  kept  amidships  and  no  wind  prevails,  as  in  a  breeze  the  stern  of  a 
steamer  will  always  seek  the  wind,  no  matter  what  may  be  the  action  of  the  rudder  or 
propeller. 

Fourth  case,  Steamer  going  Ahead,  Propeller  loorking  Astern. 


If  helm  be  kept  amidships,  propeller  will 
turn  steamer's  head  to  starboard.  If 
helm  be  put  hard-a-port  propeller  will 
turn  steamer's  head  to  port.  If  helm  be 
put  hard-a-starboard  propeller  will  turn 
steamer's  head  to  starboard  quickly  and 
to  a  great  angle. 

In  this  case  the  wind  will  not  have  much  effect  until  the  steamer  has  lost  headwav, 
and  it  must  be  noted  that  the  position  of  the  rudder  is  of  paramount  importance. 


If  helm  be  kept  amidships  propeller  will  turn 
steamer's  head  to  port.  If  helm  be  put 
hard-a-port  propeller  will  turn  steamer's 
head  to  port  quickly  and  to  a  great  angle. 
If  helm  be  put  hard-a-starboard  propeller 
will  turn  steamer's  head  to  starboard. 
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However,  the  first  and  fourth  of  these  cases  are,  in  ordinary  service,  the  only  ones 
which  call  for  particular  attention,  more  especially  the  fourth  the  strange  effects 

produced  under  these  circumstances  are  almost  always  experienced  when  steamers  are  in 
danger  of  coming  into  collision. 

It  may  not  be  out  of  place  here  to  call  attention  to  a  fact  which  every  steamship 
company  and  owner  should  take  particular  notice  of,  that  is,  the  serious  loss  occasioned 
both  to  them  and  the  engineering  profession  by  permitting  the  available  experience  gained 
year  after  year  on  large  merchant  steamers  to  pass  almost  unnoticed  and  unrecorded. 

In  concluding  this  review  of  "  A  Few  Years'  Experience  of  the  Screw  Propeller,"  the. 
writer  begs  to  return  thanks  for  the  permission  granted  him  to  bring  forward  information 
which  he  hopes  will  assist  in  showing  more  clearly  what  has  been  "  its  Lessons  and  Results." 


DISCUSSION. 

Mr.  William  Denny  :  Mr.  Chairman,  it  seems  to  me  that  the  paper  we  have  just  heard  is 
rather  taken  up  with  the  question  of  the  construction  of  the  propeller  than  with  the  question  of 
its  efficiency,  and  that  the  competition  for  which  this  paper  entered  was  essentially  a  competition 
on  the  efficiency  of  the  propeller.  In  the  paper  itself,  I  can  find  no  reference  to  the  efficiency 
of  the  propeller  excepting  that  shown  in  Figs.  9,  Plate  V.,  in  which  the  general  doctrine  held  is, 
that  by  decreasing  the  diameter,  and  following  Mr.  Froude's  discovery — of  decreasing  the 
peripheral  friction,  you  will  get  more  efficiency.  But  Mr.  Maginnis  in  treating  this,  although 
he  has  followed  the  great  discovery  that  we  now  all  know  so  well,  has  not  taken  care  to  qualify  his 
statements  upon  this  point,  because  it  must  be  quite  evident  to  you  that  if  this  decreasing  process 
were  to  be  carried  on  far  enough,  you  would  come  to  the  boss,  and  then  you  would  come  to  a  very 
negative  result  indeed.  Therefore  it  is  quite  useless  to  carry  on  investigations  upon  this  point,  unless 
those  investigations  are  carried  out  accurately  and  minutely,  and  unless  they  are  carried  out  definitely 
upon  the  measured  mile — not  upon  voyages  of  ships,  which  I  hold  are  most  delusive  things,  because 
however  nearly  you  may  suppose  the  circumstances  to  accord,  we  all  know  very  well  that,  even  in 
fine-weather  voyages,  there  are  many  things,  as  a  captain  of  a  ship  can  tell  you,  which  make 
differences  in  the  voyages  of  the  ship,  and  we  are  apt  rather  to  flatter  ourselves  with  favourable 
results  than  to  test  ourselves  with  crucial  experiment.  The  other  point  to  which  Mr.  Maginnis  refers 
is  the  eliminating  of  certain  frictional  elements  in  the  working  of  the  propeller  by  some  small 
mechanical  detail.  Now  in  criticising  Mr.  Maginnis's  paper,  I  do  not  rise  to  criticise  the  award  of 
the  Council,  because  I  have  not  seen  all  the  papers  upon  the  subject ;  but  I  only  think  it  is  fair  to 
draw  the  attention  of  this  meeting  to  the  fact  that  this  paper  does  not,  excepting  in  the  most  meagre 
way,  attempt  to  meet  the  requirements  of  the  competition. 

Mr.  John  McFarlane  Gray  :  Mr.  Chairman  and  gentlemen,  I  am  quite  aware  the  subject  of  the 
screw  propeller  is  one  which  to  all  studious  engineers  has  had  great  attractions  ;  and  I,  twenty- 
three  years  ago,  went  into  the  investigation  of  the  screw  propeller  with  reference  to  thrust  and  pitch, 
and  found,  as  many  of  us  have  found,  that  we  are  bothered  with  the  following  water,  and  cannot 
deal  with  that  quantitatively.  I  unburicd  some  of  these  investigations  in  anticipation  of  this 
meeting,  and  read  them  over  again,  and  I  thought  I  would  put  them  into  shape.  If 
for  the  screw  propeller  with  its  inclined  blades  there  could  be  substituted  a  complete  flat  disc  of 
the  same  circumference,  C  feet,  to  be  pushed  astern  by  a  screwed  shaft  of  pitch  P  feet,  making  N 
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revolutions  per  minute,  and  if  the  slip  with  this  disc  propulsion  be  S  feet  per  revolution  of  the  screwed 
shaft,  the  thrust  would  be 

64    NP    NS  _  N'^P  S  C 

32  •  "60"  ■  6U 

Or,  writing 


S 

P' 


C 


disc  thrust 


22320 
NT* 


22620 


s  c. 


Applying  the  same  reasoning  to  a  screw  propeller,  and  taking  account  of  the  obliquity  "of  the 
blades,  I  get 

Screw  thrust  =  ^  s  [c^  +  s  -  (1  +  .s)  log.  (1  +  c^) | . 

The  part  within  the  brackets,  (},  can  be  reiiresented  graphically,  thus  : 


N^  p< 

The  shaded  area  multiplied  by  22620  ^  thrust  in  pounds.    The  diagram  is  for  c'  =  6,  s  =  "2. 

Eankine's  expression  for  thrust  given  in  the  Transactions  for  1865  is  a  more  complicated  form  of 
the  same  expression,  and  by  substituting  the  same  letters  and  re-arranging  the  terms  the  one  can  be 
transformed  into  the  other.  My  investigation  was  quite  independent  of  Eankine's,  which  was  seen  by 
me  for  the  first  time  only  this  evening.  The  diagram  enables  us  better  to  grasp  the  order  in  which 
variations  in  s,  p,  c  affect  the  result.  I  have  slightly  modified  the  construction  from  that  first 
exhibited  by  me,  to  clear  the  diagram  of  a  negative  area.  If  the  fractional  area  W  H  be  neglected, 
the  diagram  for  a  given  slip  may  be  extended  to  the  right  to  represent  the  thrust  factor  for  any 
diameter  of  screw  with  that  slip.  The  thrust  of  a  screw  propeller  as  compared  with  the  thrust  of  a 
plane  disc  of  the  same  diameter  is  as  the  shaded  area  M  W  G  J  K  to  the  area  of  the  rectangle  F  J  D  B. 
The  denominator  in  Eankine's  formula  comes  out  to  be  22691  in  the  approximate  rule  he  gives  in 
the  Appendix.    When  the  letters  used  above  are  substituted  that  approximation  becomes 

22691 

being  the  mean  breadth  of  the  shaded  portioij  of  the  diagram.    The  approximation 


the 


part 


is  very  close  between  P  =  "9  D  and  P  =  2'1  D,  the  usual  range  nearly.  The  discrepancy  between  22691 
and  22620  is  due  to  my  using  64  and  32  merely  instead  of  with  the  decimal  place  figures.  Eankine's 
approximation  is  more  conveniently  applied  when  written  thus.  The  thrust  in  pounds  is  nearly 
equal  to 

or  say  =  Kk{D  +  B)  (D  -  B), 


''4.465  -  ^'-^y      Kk(D^-  B-), 


D    J     ^  "  '  8D 

in  which  K  is  propeller  speed  in  knots  per  hour,  k  is  slip  in  knots  per  houi",  B  is  diameter  of  boss,  D 
is  diameter  of  screw  propeller,  and  P  is  pitch,  all  in  feet. 

Mr.  A.  C.  Kirk  :  I  think  it  must  be  a  matter  of  regret  that  Mr.  Gray  had  not  sent  in  a  paper  on  this 
subject,  but  I  hope  he  will  supplement  what  he  has  said  by  writing  out  his  remarks  more  fully. 
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Mr.  J.  FoRTESCUE  Flannery  :  Mr.  Chairman  and  gentlemen,  I  should  like  to  say  a  word  or  two, 
following  the  same  course  as  Mr.  Denny,  about  the  application  of  this  paper  to  the  title  which  was 
set  forth  in  the  commencement  of  the  competition.  No  doubt  the  Council  in  dealing  with  the  question 
were  obliged  to  decide  on  the  merits  of  the  papers,  not  because  they  exactly  followed  the  lines  that 
were  set  down  by  Mr.  Carlyle,  but  because  they  had  to  take  the  paper  which  was  the  nearest  practical 
approach  to  those  lines.  I  am  not  aware  what  papers  were  sent  in,  nor  have  I  any  knowledge  of 
their  contents,  but  it  seems  to  me  very  likely  indeed  that  the  Council  were  obliged  to  accept  the  paper 
most  nearly  like  the  one  desired  by  Mr.  Carlyle,  or  withhold  the  Medal  altogether.  No  doubt  that 
has  been  their  view,  and  that  has  been  the  reason  why  Mr.  Maginnis  has  had  the  Medal  awarded 
to  him.  I  must  say  I  agree  with  what  Mr.  Denny  has  remarked,  and  knowing  as  I  do  the  position  . 
which  Mr.  Maginnis  holds,  and  the  facilities  he  has  for  obtaining  the  very  best  knowledge  on  this 
subject,  I  cannot  help  saying  publicly  that  I  hope  he,  and  those  who  were  concerned  with  him,  will  see 
fit  to  allow  this  paper  to  be  very  much  elaborated  and  extended,  and  to  appear  upon  the  Transactions  in 
its  more  complete  form  or  with  an  appendix.  For  examj)le,  we  are  told  that  these  three  vessels,  of 
one  of  the  first  lines  out  of  Liverpool,  had  certain  results  upon  their  voyages.  The  particulars  of  the 
propellers  are  given,  but  no  particulars  whatever  are  given  in  the  paper  of  the  machinery  or  form  of 
hull.  Now  I  think  that  the  relationship  of  these  data  is  an  investigation  that  could  very  well  be 
conducted  by  Mr.  Maginnis — in  fact  I  know  it  is,  if  he  would  find  time  to  do  it ;  we  should  then  have 
some  results,  of  which  the  paper  is  at  present  altogether  bare,  and  not  merely  statistics,  which  are 
no  doubt  useful,  but  a  complete  paper,  teaching  the  lessons  which  are  taught  by  the  performances 
of  these  ships.  I  hope  Mr.  Maginnis  will  find  it  in  the  interest  of  this  Institution,  and  in  his  own 
interest,  to  make  these  additions  to  his  paper. 

Mr.  A.  J.  Maginnis  :  Mr.  Chairman  and  gentlemen,  with  reference  to  Mr.  Denny's  remarks, 
the  reply  that  I  can  make  as  regards  the  contents  of  my  paper,  in  connection  with  the  competition 
for  which  it  has  been  sent  in,  is  simply  this,  that  I  have  been  in  a  position  fortunately  to  obtain 
actual  results,  and  not  those  of  trial  trips,  which  are  never  afterwards  in  actual  practice  borne  out, 
because  on  trial  trips  you  have  always  exceptional  circumstances — you  have  picked  stokers,  you 
have  picked  coal,  you  have  experienced  men  overlooking  your  machinery,  you  have  your  ship 
trimmed  in  a  proper  condition,  and  in  almost  all  cases  you  have  almost  smooth  water.  I  think  the 
statistics  given  in  my  tables  may  be  relied  upon,  being  the  actual  results  ;  for  I  think  I  may  say 
positively,  take  it  how  you  will,  or  in  what  way  you  like,  in  connection  with  steam-ships,  if  you 
want  to  get  the  true  results,  and  the  actual  work  the  steamers  are  doing,  you  must  get  those  results 
from  their  daily  performances.  It  will  not  do  to  take  experimental  trials  for  them.  Shipowners  will 
not  accept  from  you  the  result  of  your  trial  trips  as  being  what  the  steamer  will  do,  because 
in  nine  cases  out  of  ten — and  I  think  you  will  all  bear  me  out — afterwards,  when  the  steamer  goes  on 
her  regular  station,  she  rarely,  if  ever,  comes  up  to  her  trial  trip  performances.  Then  as  regards 
the  statistics  which  I  have  given,  I  have  gone  into  the  matter,  as  much  as  I  know  about  the  propeller, 
and  have  endeavoured  to  give  them  in  a  way  bearing  on  its  efficiency.  For  instance,  fi'om  my 
knowledge  and  experience  of  the  steamers  named  by  me — Alpha,  Beta,  and  Gamma — extending  over  a 
number  of  years,  I  have  looked  over  the  logs  of  the  voyages,  when  the  larger  propellers  were  on, 
and  have  noted  the  state  of  the  weather,  the  draught  of  water  on  the  voyage,  and  the  length  of  time 
the  ship  was  out  of  dry  dock.  Having  got  all  these  particulars,  I  then  looked  over  the  logs  of  the 
voyages  when  the  smaller  propellers  were  on,  and  picked  out  voyages  made  under  similar  circum- 
stances, and  have  placed  them  together,  so  that  the  relative  merits  of  the  propellers  may  be  more 
easily  seen ;  the  voyages  marked  A,  being  those  of  fine  weather  passage,  and  those  marked  B  of  a 
rough  weather  passage.    I  have  myself  gone  over  those  logs  figure  by  figure,  and  have  endeavoured 
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to  make  the  tables  as  near  as  possible  correct,  especially  as  to  the  draught  of  water,  and  tlie  time 
out  of  dry  dock,  as  these  circumstances  materially  affect  the  propeller.  Of  course  it  is  impossible 
in  these  results  to  get  the  dates  within  a  fortnight  or  so  of  each  other.  As  regards  what  Mr. 
Flannery  said  in  reference  to  the  extension  of  my  paper,  I  am  very  much  afraid  ship-owners 
are  not  inclined  to  allow  such  extensive  particulars  to  bo  made  public,  as  he  would  like  me  to 
add.  I  have  purposely  omitted  all  dimensions  of  the  vessels  and  engines,  so  as  to  keep  the  tables 
as  simple  as  possible,  and  because  it  seems  unnecessary  to  draw  up  elaborate  tables  of  particulars, 
which  may  be  found  in  the  underwriter's  books.  Unfortunately,  I  have  not  been  permitted  to  give 
the  real  names  of  the  steamers,  but  if  any  gentleman  should  like  further  information  concerning  the 
vessels,  I  am  at  liberty  to  give  him  the  names.  I  have  throughout  the  paper  endeavoured  to  show, 
not  my  own  ideas  on  the  subject,  but  those  which  the  actual  practice  of  a  few  years  has  taught. 
Most  of  the  facts  mentioned  in  my  paper  have  come  directly  under  my  own  notice,  and  I  have  no 
hesitation  in  saying,  that  no  author  or  writer  who  has  ever  written  on  the  subject,  or  ever  will  write, 
would  think  of,  or  even  expect  the  strange  breakdowns  which  have  occurred,  or  suggest  the  improve- 
ments which  actual  experience  has  taught  during  the  past  few  years. 


ON  THE  RESISTANCE  GIVEN  TO  SCEEW  SHIPS  BY  THE  ACTION  OF  THE  SCREW' 

PEOPELLER,  AND  HOW  TO  REMEDY  IT. 

By  RoBEET  Geiffiths. 

[Bead  at  the  Twentieth  Session  of  the  Institution  of  Naval  Architects,  3rd  April,  1879, 
N.  Baenaby,  C.B.,  Vice-President,  in  the  Chair.] 


When  making  a  series  of  experiments  with  a  ship-model  of  5  ft.  long,  10^  in.  beam, 
propelled  by  two  separate  springs  of  equal  strength,  and  representing  a  screw  ship  with 
separate  engines,  I  discovered  that  there  was  considerable  suction  of  the  eddy-water  caused 
by  the  screw  at  the  upper  part  of  its  disc.  I  had  a  telescopic  pipe  |-in.  diameter,  which 
led  from  a  tank  inside  the  model,  and  which  could  be  pushed  out  till  the  end  was  close  to  the 
top  part  of  the  screw's  disc.  When  this  pipe  was  pushed  out  and  was  plugged  at  the  inner 
end,  the  model  went  48  ft.  in  a  minute  with  700  revolutions  of  the  screw ;  again,  when  the 
plug  was  removed  from  the  pipe  and  the  water  was  allowed  to  flow  into  the  tank,  and  be 
drawn  out  by  the  suction  of  the  screw,  the  model  went  61  ft.  with  700  revolutions,  while 
when  the  pipe  was  pushed  in  the  model  went  75  ft.  with  745  revolutions.  When  the  model 
was  moored  the  water  would  flow  in  through  the  pipe  and  fill  the  tank  in  10^  seconds  ;  if  the 
screw  was  then  started  it  would  empty  the  tank  in  10  seconds,  and  when  the  model  was  going 
the  screw  would  empty  the  tank  in  8  seconds. 

I  will  now  refer  to  some  trials  made  on  Messrs.  Penn  &  Sons'  ship  the  Elephant,  with  a 
four-bladed  screw  8ft.  diameter  and  lift,  pitch,  the  boss  being  4ft.  Gin.  diameter;  this 
screw  was  first  tried  in  a  casing,  and  the  speed  was  7-836  knots  with  239  i.h.p.  ;  the  casing 
was  then  removed  and  the  speed  was  8-296  with  240  i.h.p.  ;  the  speed  with  an  ordinary 
three-bladed  screw  8  ft.  diameter  and  10  ft.  pitch  was  8-416  knots  with  238*6  i.h.p.  The 
Elephayit  has  a  very  full  stern,  and  I  was  disappointed  with  the  results  until  I  made  further 
experiments,  which  proved  that  with  a  full-stern  vessel  a  casing  over  the  screw  and  an  enlarged 
centre  boss  would  cause  a  loss  of  speed,  as  the  currents  from  each  side  of  the  stern  come  on 
to  the  outside  of  the  casing,  and  the  screw  has  to  get  its  supply  from  the  dead  water  in  front 
of  it.  When  the  screw  is  working  without  a  casing  it  takes  a  great  portion  of  its  supply  from 
outside  its  disc  at  the  forward  edge  and  as  far  as  the  middle  of  the  blades,  and  draws  in  the 
currents  towards  it,  by  which  it  reduces  the  eddy.  With  a  fine  run  sliip  the  currents  meet 
nearer  the  stern  and  the  dead  water  is  much  reduced. 

The  first  experiment  I  made  to  find  out  the  cause  of  the  unsatisfactory  results  in  the 
Elephant  was  making  the  projections  on  each  side  of  the  deadwood  which  covered  the  boss 
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longer,  and  tapered  towards  the  screw  instead  of  being  parallel  with  the  screw-shaft ;  this 
caused  a  loss  of  10  per  cent,  in  the  speed  of  the  model,  and  gave  an  idea  of  what  was  required. 
I  then  shortened  the  stern  and  made  the  run,  as  high  up  as  the  top  of  the  screw,  end 
2|-  in.  in  front  of  where  it  originally  ended  ;  from  the  end  of  the  run  to  the  stcrnpost 
I  had  a  parallel  piece  of  the  thickness  of  the  sternpost,  and  the  screw  was  left  in  the 
original  position ;  this  of  course  made  the  run  or  wedge-foim  of  the  stern  fuller.  By 
this  alteration  the  model  gained  15  per  cent,  in  speed,  the  power  exerted  being  the 
same.  I  then  altered  the  model  to  what  it  was  before  it  was  shortened,  which  reduced 
the  speed  to  what  it  originally  was.  I  have  since  made  experiments  with  four-bladed 
screws  with  blades  the  same  width  from  the  boss  to  the  points,  and  witli  blades 
tapered  from  the  boss  to  the  points  on  the  leading  edge  only,  the  result  being  that 
by  lengthening  or  fining  the  run  there  was  a  slight  increase  of  speed  of  3  to  5  per 
cent. ;  but  by  shortening  the  run  and  making  it  fuller,  and  placing  the  screw  about  two-thirds 
its  diameter  behind  the  tapered  part,  and  leaving  the  intermediate  space  open,  or  filling  in  a 
parallel  piece  of  the  thickness  of  the  sternpost,  an  increase  of  speed  of  10  to  15  per  cent, 
was  obtained,  for  which  I  account  in  the  following  manner :  as  the  ship  moves  forward  the 
water  closes  in  from  each  side  of  the  stern  to  fill  the  space  she  occupied  ;  when  the  screw  is  in 
operation  it  sucks  away  the  eddy-water  at  the  top  part  of  its  disc,  which  mostly  accumulates 
there,  owing  to  the  fulness  of  the  run  from  the  level  of  the  screw  shaft  to  the  top  of  the 
screw,  which  water  would  follow  the  ship  if  the  screw  did  not  draw  it  away,  by  which  the 
thrust  given  to  the  screw-shaft  is  increased,  and  increases  the  resistance  of  the  ship  to  nearly 
twice  as  much  as  it  would  have  been  had  the  screw  not  been  in  operation.  The  only  remedy 
that  I  have  been  able  to  discover  is  to  place  the  screw  as  far  back  from  the  tapered  or  wedge- 
part  of  the  stern  as  will  allow  the  eddy-water  to  remain  there,  for  which  purpose  the  screw 
must  be  placed  about  two-thirds  its  diameter  behind  the  sternpost,  so  that  the  currents  which 
flow  on  each  side  of  the  deadwood  will  be  drawn  by  the  action  of  the  screw  and  meet  in  front 
of  it,  and  supply  it  with  the  water  to  act  upon. 


In  order  to  obtain  the  full  effect  of  the  power  that  is  exerted  to  propel  the  vessel,  it 
will  be  necessary  to  form  the  sterns  of  screw  ships  as  shown  in  Figs.  1  and  2,  unless  ship- 

0 


106 


THE  ACTION  OF  THE  SCEEW  PEOPELLER. 


builders  can  give  a  valid  objection  to  it ;  the  shortening  of  the  deadwood  would  reduce  the 
displacement  but  little,  and  that  could  be  compensated  for  by  enlarging  the  counter  above  the 
screw,  as  shown,  which  would  then  take  a  portion  of  the  water  which  the  screw  forces  back  in 
its  wake. 

There  is  one  other  feature  in  connection  with  these  experiments  which  proves  the 
theory  of  my  improvements  :  a  piece  of  the  deadwood  1^  in.  long  was  removed,  the  screw 
being  left  in  the  usual  position ;  this  made  no  difference  in  the  speed,  which  was  51  ft. 
in  half  a  minute  with  525  revolutions  in  60  seconds.  The  screw  was  then  moved  ^  in. 
forward,  when  the  speed  was  reduced  to  46  ft.  with  525  revolutions  ;  the  screw  was  then  moved 
another  g-  in.  forward,  and  the  speed  was  further  reduced  to  40  ft.  with  520  revolutions ;  and, 
finally,  when  the  screw  was  moved  a  third  ^  in.  forward,  the  speed  was  only  26  ft.  with  500 
revolutions.  The  screw  with  the  leading  part  of  the  blades  tapered  off  was  then  tried  in  the 
first  position,  and  gave  a  speed  of  54  ft.  with  545  revolutions  ;  when  moved  ^  in.  further  back 
the  speed  was  increased  to  58  ft.  with  550  revolutions  ;  and  at  an  inch  back  59  ft.  with  550 
revolutions;  and  at  1^  in.  back  to  60ft.  with  555  revolutions. 

There  is  very  little  doubt  that  in  full- stern  and  other  ships  the  deadwater  that  is  formed 
between  the  stern  and  the  place  where  the  outside  streams  meet  goes  forward  with  the  ship 
and  forms  the  wedge  or  taper-end  to  the  deadwood  ;  this  does  not  cause  nearly  the  resistance  to 
sailing  ships  that  it  does  to  screw  ships,  through  the  action  of  the  screw  sucking  it  away. 
Colonel  Beaufoy,  by  his  experiments,  upwards  of  half  a  century  since,  found  that  when  the 
taper  or  wedge-end  of  his  model  was  at  an  angle  of  6°  22'  45"  there  was  no  resistance  at 
any  speed  up  to  8  knots,  but  that  when  the  angle  was  19°  28'  16"  the  resistance  at  8  knots 
was  34-34  lbs.,  and  gradually  increased  from  0*2101  lbs.  at  a  speed  of  1  ft.  per  second  to 
34*33  lbs.  at  13*527  ft.  per  second,  his  model  being  12  in.  square,  with  tapered  wedge-ends. 

Screw  propellers,  when  working,  act  on  the  currents  of  water  which  flow  by  the  stern  of 
the  vessel,  and  by  accelerating  the  velocity  of  those  currents  meet  with  the  resistance  by 
which  they  are  enabled  to  push  the  ship  forward  ;  there  is,  however,  considerable  difierence 
in  the  velocity  at  which  the  currents  flow  at  different  parts  of  the  screw's  disc,  and  conse- 
quently, the  screw's  blades  meet  with  more  resistance  in  passing  over  some  parts  of  the  disc 
than  others ;  this  of  course  results  in  the  screw  giving  greater  thrust  in  some  positions,  as 
shown  in  the  dynamometer  diagrams  of  H.M.S.  Rattler,  in  which  the  thrust  varied  between 
2*9  and  4*1  tons  in  each  revolution.  Besides  indirect  proofs  from  thrust  diagrams,  direct 
proof  of  the  difference  of  the  velocities  of  the  currents  was  obtained  from  experiments  I  was 
allowed  to  make  on  H.M.  steam  pinnace  No.  92,  at  Devonport,  in  1875,  by  measuring,  with 
apparatus  specially  constructed  for  the  purpose,  the  rate  at  which  they  flowed  through  the 
screw's  disc  while  the  boat  was  towed.  These  experiments  showed  that  over  the  bottom 
half  of  the  screw's  disc  the  water  was  little  interfered  with,  and  the  water  passed  through 
the  disc  there  at  nearly  the  speed  at  which  the  boat  was  towed,  but  at  the  top  half  of  the 
disc  the  water  was  dragged  with  tlie  boat  to  a  certain  extent,  and  only  flowed  through  the 
disc  at  about  half  the  speed  at  which  the  boat  was  going.  Fig.  1  shows  the  results,  the 
currents  having  the  least  velocity  where  the  shading  is  greatest. 
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When  a  screw  is  working,  the  hladcs  as  they  pass  over  the  top  part  of  the  disc  meet 
with  more  resistance  than  when  tliey  are  passing  over  the  bottom  part,  for  as  the  screw,  to 
obtain  the  thrust,  drives  back  a  cohimn  of  water  the  size  of  the  screw's  disc,  at  a  velocity 
corresponding  to  the  power  employed,  it  has  to  accelerate  the  velocity  more  at  the  top  of 
the  disc  than  at  the  bottom,  and  consequently  more  power  is  expended  on  the  top  part  of 
the  disc  than  on  the  bottom,  and  from  this  cause  the  increase  in  the  resistance  of  the  ship 
from  the  action  of  the  screw,  which  Mr.  Froude  has  proved  is  always  from  forty  to  fifty  per 
cent,  of  the  total  resistance  of  the  ship,  is  considerably  more  than  if  the  power  were 


uniformly  expended  over  the  disc,  for  the  ship  is  much  retarded  by  the  drawing  away  of  the 
dead-water  (so  to  speak)  from  the  top  of  the  disc,  whereas  accelerating  the  currents  at  the 
bottom  of  the  disc  would  have  hardly  any  effect  on  the  ship.  Again,  as  the  blades  one  after 
another  pass  over  the  top  part  of  the  disc,  and  as  each  blade  meets  with  an  increase  of 
resistance  there,  a  series  of  jerks  is  given  to  the  stern  of  the  vessel,  which  is  the  cause  of 
vibration. 

Figs.  3,  4,  and  5  show  a  screw  so  constructed  that  the  blades  always  meet  with  the 
same  resistance.  On  the  shaft  A  is  fixed  a  casting  B,  with  two  sockets  CC  on  opposite 
sides  ;  the  shell  D  of  the  boss,  which  can  just  pass  over  these  sockets,  has  an  elliptical  hole 
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in  the  forward  end,  through  which  the  end  of  the  casting  B  passes,  and  which  allows  of  a 
suilahle  amount  of  movement.  The  blades  HH,  which  are  formed  so  that  most  of  their 
surface  is  aft  of  the  middle  of  the  boss,  are  constructed  with  flanges  EE,  and  shanks  FF  ; 
these  flanges  are  bolted  in  the  usual  way  to  the  shell  D  of  the  boss,  the  shanks  slipping  into 
the  sockets  CC ;  a  cap  G  completes  the  shell  of  the  boss,  and  a  cover  K  fixed  on  the  shaft 
in  front  of  the  boss  prevents  floating  substances  entering  the  boss  through  the  elliptical 
hole.  It  is  obvious  that  as  the  blades  have  more  than  half  their  surfaces  aft  of  the  middle  of 
the  shanks,  the  pressure  on  their  surfaces  tends  to  fine  their  pitch;  and  also,  since  they  are 
rigidly  connected  with  the  shell  D  of  the  boss,  that  as  one  blade  turns  the  other  is  also 
turned,  the  pitch  of  one  being  increased  as  that  of  the  other  decreases ;  when,  therefore,  one 
blade  meets  with  more  resistance  than  the  other,  the  difference  of  pressure  causes  that  blade 
to  turn,  reducing  its  pitch  and  increasing  the  pitch  of  the  other  until  the  pressure  on  each  is 
equal.  By  these  means  the  injurious  action  of  the  screw  is  to  a  great  extent  done  away 
with.  The  cost  of  construction  of  this  screw  would  not  exceed  that  of  an  ordinary  screw, 
and  no  alteration  in  the  shaft  or  vessel  would  be  necessary  for  applying  it,  and  at  any  time 
the  blades  could  be  fixed  and  the  screw  worked  as  an  ordinary  screw. 


DISCUSSION. 

The  Chaieman  :  I  do  not  know  whether  Mr.  Griffiths'  description  of  his  proposed  form  of  screw 
has  been  quite  understood.  There  is  a  model  here  which  is  intended  to  illustrate  it,  but  if  it  has 
been  sufficiently  understood  I  shall  be  glad  if  the  gentlemen  present  will  offer  any  observations  they 
may  have  to  make. 

Mr.  Benjamin  Martell  :  I  should  like  to  ask  Mr.  Griffiths  what  his  experience  has  been  in 
reference  to  the  trunk  that  he  proposed  some  time  ago,  and  which,  I  think,  he  had  fitted  to  some 
models,  where  the  screw  worked  in  it,  and  he  said  that  he  found  a  very  great  benefit  was  derived  from 
that.  He  intended,  I  understood,  to  carry  out  those  experiments,  and  stated  in  a  paper  read  on  it  here, 
either  last  session  or  the  session  before,  that  he  hoped  considerable  benefit  would  be  derived  from  that. 
I  am  rather  disappointed  that  Mr.  Griffiths  has  not  alluded  to  it  in  this  paper,  and  I  should  like  very 
much  to  know  what  the  result  of  his  experiments  has  been  in  regard  to  that. 

Mr.  TiiORNYCROFT  :  Mr.  Chairman  and  gentlemen,  I  should  like  to  make  one  or  two  remarks  on 
the  screw  propeller,  particularly  on  the  vexy  interesting  diagram  which  Mr.  Griffiths  has  given  us, 
where  he  refers  to  the  difference  of  speed  of  the  water  through  the  screw  disc,  at  the  upper  and  lower 
parts  of  it.  I  did  not  quite  catch  the  figures,  but  there  appeared  to  me  to  be  a  very  great  difference 
of  speed  in  the  water  at  the  disc  in  the  different  parts,  and  the  arrangement  which  Mr.  Griffiths  has 
shown  us  seems  certainly  calculated  to  give  some  advantage ;  the  only  doubt  in  my  mind  is  whether  or 
not  the  mechanism  can  be  made  so  that  the  alteration  of  form  which  occurs  in  the  screw  shall  not  be 
accompanied  by  too  much  wear.  There  is  another  thing  I  have  thought  about,  which  this  screw  bears 
upon,  which  is  this  :  that  in  steering  a  screw  vessel  I  lately  came  to  the  conclusion  that  there  was  a 
new  element — at  least,  new  to  me — in  side  resistance.  Other  people  may  have  thought  of  it,  but  when 
a  screw  is  propelling  a  vessel  rapidly,  and  there  is  great  power  being  exerted  on  the  screw  blades,  any 
force  exerted  to  move  the  stern  of  the  vessel  sideways  is  opposed  by  the  screw  blades  working 
unequally  in  different  parts  of  their  revolution,  and  so  opposing  that  force.    You  alter  the  position  of 
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the  screw  diBc,  wlicro  tlio  greatest  work  is  done,  if  you  move  the  vchsoI's  Htern  sideways,  and  1  have 
come  to  the  conchision  that  there  is  very  great  stability  in  resisting  side  motion  in  the  action  of  a 
screw  propeller.  Another  curious  thing  which  happens  is  this,  that  Mr.  Griffiths'  propeller,  if  it  works 
well,  is  calculated  to  remove  this  difficulty  of  steering  in  a  screw  vessel.  We  have  lately  had  our 
attention  called  to  an  American  vessel  where  this  difficulty  was  got  over  in  a  curious  way,  hy  taking 
the  screw  nearer  the  middle  of  the  vessel,  so  that  it  could  not  stop  the  vessel  turning.  I  do  not  know 
that  I  have  any  other  remarks  to  make. 

Professor  A.  B.  W.  Kennedy  :  Mr.  Griffiths  having  alluded  to  model  experiments,  I  should  like  to 
say  a  word  or  two  on  the  nature  of  the  experiments,  from  which  we  can  deduce  any  results  whatever 
about  the  screw  propeller.  I  think  we  may  say  that  there  are  three  methods  under  which  experiments, 
or  what  we  may  call  experiments,  may  be  made.    We  may  use  the  results  of  ordinary  working  as 
have  been  done  by  Mr.  IMaginnis,  we  may  get  the  results  of  trial  trips,  or  we  may  take  the  results  of 
experiments  made  with  models,  and  certainly  the  value  of  any  statements  made  here,  in  papers  or 
otherwise,  depends  very  much  upon  the  way  in  which  the  results  which  are  stated  have  been  obtained. 
Now,  to  take  first  the  trial  trips.    Of  course  it  is  very  easy  to  abuse  them,  and  we  all  know  that  trial 
trips  do  not  always  represent  the  actual  doings  of  the  ship  afterwards.    That,  however,  is  purely 
a  commercial  question,  it  is  not  a  question  which  concerns  the  efficiency  of  any  particular 
propeller  at  all.    The  difference  between  the  result  on  a  trial  trip  and  the  result  of  any  ordinar}'' 
voyage,  so  far  as  this  question  of  mechanical  propulsion  is  concerned,  is  simply  this  :  we  do  really 
know  the  results  of  a  trial  trip,  more  or  less ;  we  do  not  know  the  results  of  the  ordinary  voyage. 
I  think  most  marine  engineers  will  bear  me  out  in  saying  that  even  a  very  carefully  kept  log  is  a 
thing  which  can  do  no  more  at  the  very  best  than  give  us  something  like  a  rough  average  of  what 
has  been  done,  but  comparing  the  log  of  one  voyage  with  the  log  of  another  voyage  under  some- 
what similar  circumstances,  and  about  the  same  time  of  year,  and  with  the  same  kmd  of  freight, 
is  not  making  an  experiment,  it  is  nothing  more  than  giving  us  a  rough  comparison.    A  trial  trip  is 
no  doubt  carried  on  with  picked  men,  and  under  very  special  conditions  ;  an  experiment  is  always  made 
under  special  conditions.    In  such  an  experiment,  we  are  not  only  justified  in  picking  our  men  and 
choosing  om-  conditions,  but  it  is  only  by  doing  so  that  we  can  know  what  is  actually  done  on  the  trial 
trip.    I  claim  for  trial  trips  that  they  do  give  us  some  results  which  we  can  reasonably  trust.  AYhetlier 
they  are  results  which  the  ship  will  attain  afterwards  or  not  is  quite  a  different  question  and  one 
which  concerns  the  owners  of  the  ship  chiefly,  but  as  marine  engineers  and  naval  architects,  here 
we  are  concerned  with  having  results  stated  accurately,  and  I  do  maintain  that  we  get  this  far  better 
from  trial  trips  than  by  averaging  the  results  of  ordinary  working.    As  to  the  experiments  made 
from  models,  we  know  from  the  results  that  Mr.  Froude  has  given,  it  is  possible  to  obtain  results  from 
model  experiments  which  can  be  applied  to  actual  working,  but  we  also  know  just  as  well  as  that, 
from  the  results  of  Mr.  Froude's  experiments,  that  it  is  impossible  to  apply  the  results  obtained  fi-om 
models  directly  to  full-sized  ships.    You  must  first  of  all  direct  your  investigation  to  the  comparison 
of  the  relations  between  the  models  and  the  ships,  so  that  it  is  just  as  easy  to  make  a  wrong 
experiment  with  models,  under  certain  circumstances,  as  not.    It  is  no  use  trying  experiments  with 
models  and  saying  that  they  will  tell  us  about  ships,  because  Mr.  Froude's  experiments  tell  us  about 
ships,  unless  we  can  also  say  that  we  have  investigated  the  relations  of  our  model  to  the  actual 
full-sized  work,  as  Mr.  Froude  has  done  through  these  very  many  years  of  actual  careful  work.    I  do 
not  think  in  saying  this  that  I  have  at  all  misunderstood  what  Mr.  Froude  has  often  said  as  to  the 
relation  between  his  experiments  and  actual  work.    I  can  only  say,  as  having  had  something  to  do 
with  experimental  work  at  various  times,  that  really  the  difficulty  of  deducing  accm-ate  results — results 
that  one  can  applj'  scientifically,  from  the  mass  of  information  you  get  out  of  even  a  well-kept  log 
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book,  is  exceedingly  great,  and  that  even  in  the  hands  of  very  careful  engineers  those  results  must  be 
taken  as  not  representing  very  much  more  than  averages. 

Mr.  C.  W.  Merrifield  :  If  Mr.  Kennedy  had  not  done  it,  I  intended  to  have  called  attention,  in 
much  the  same  language  as  he  has  done,  to  the  importance  of  knowing,  when  you  are  comparing  the 
performance  of  models  with  the  performance  of  full-sized  ships,  accurately  the  law  which  connects 
the  performance  of  the  model  with  the  performance  of  the  ship.  That  is  an  absolutely  necessary 
complement  to  the  inference  of  arriving  at  the  performance  of  the  one  from  the  j)erformance  of  the 
other.  I  was  particularly  desirous  to  emphasise  this,  because  mistakes  are  so  often  made  about  it, 
and,  in  particular,  it  has  sometimes  been  said  that  I  was  wrong  in  my  difference  with  Mr.  Froude,  at 
the  time  I  wrote  the  report  to  the  British  Association  of  the  performance  of  ships,  in  that  I  did  not 
consider  that  any  experiment  with  models  was  then  of  any  considerable  value  at  all.  Mr.  Froude 
has  since  removed  the  difficulties  that  then  lay  in  our  way,  by  trying  experiments  on  full-sized  ships, 
and  verifying  experimentally  the  law  which  was  then  a  mere  assumption.  I  think  it  was  first  stated 
by  Professor  Eeech,  and  I  believe  was  also  originally,  quite  independently,  reinvented  by  Mr.  Froude, 
that  in  comparing  the  propulsion  of  ships  and  models,  the  speeds  of  the  ships  ought  to  vary  as  the 
squares  of  their  lineal  dimensions,  but,  at  the  time  I  wrote  that  report,  this  was  a  mere  theoretical 
belief,  and  was  not  experimentally  verified.  It  was  not  until  the  Greyhound  experiments  were  tried  on 
a  large  scal&  by  Mr.  Froude,  simultaneously  with  that  splendid  series  of  experiments  tried  at  Chelston 
Cross,  that  that  was  even  approximately  verified,  and  in  attempting  to  extend  that  law  to  other 
details  of  propulsion,  beyond  the  general  sort  of  average  of  propulsion  which  3^ou  get  on  comjjaring 
the  whole  speed  of  one  vessel  with  the  whole  speed  of  another,  I  think  you  introduce  new  terms,  which 
may  or  may  not  be  fitted  by  the  direct  formula  connecting  the  average  performance  of  the  vessels.  I 
think  it  is  very  desirable  it  should  be  borne  distinctly  in  mind,  in  comparing  the  results  of  models  and 
experiments,  that  you  require  not  only  to  assume  the  law,  but  to  establish  it,  and  to  show  how  it  fits 
every  detail  to  which  it  has  to  be  applied. 

Mr.  William  Denny  :  Had  Professor  Kennedy  not  risen  to  correct  the  impression  which  seems  to 
pervade  certain  minds,  that  the  more  complicated  you  can  get  the  conditions  of  an  experiment 
the  more  valuable  that  experiment  is,  I  would  have  risen  to  explain  it  myself,  and  I  regret  exceedingly 
to  find  that  a  love  of  rule  of  thumb,  of  what  is  supposed  to  be  the  practical  man's  condition  of  mind, 
is  apt  to  lead  away  so  many  gentlemen  from  what  is  clearly  the  practical  condition  of  mind, 
namely,  to  eliminate  from  your  experiment  every  undecided  quantity,  and  to  place  it  upon  a  clear 
basis.  I  think  it  is  lamentable  that  this  condition  of  mind  should  exist,  and  I  think  that  the  sooner 
gentlemen  come  round  to  see  that  the  really  practical  men  who  are  dealing  with  the  work  of  the  day, 
are  Mr.  Froude  and  the  gentlemen  representing  the  Admiralty,  and  those  who  are  carrying  out 
experiments,  and  who  have  attempted,  through  good  report  and  through  evil  report,  to  fight  this 
impression  of  the  practical  working  mind,  and  to  eliminate  all  doubtful  facts,  especially  such  facts 
as  occur  in  the  voyage  of  a  ship,  the  better  it  will  be.  Professor  Kennedy  pointed  this  out  so  ably, 
that  I  am  perfectly  convinced  that  the  body  of  the  members  of  this  Institution  have  clear  enough 
heads  to  see  the  thing.  I  think  we  can  hardly  pass  over  Mr.  Griffitlis'  paper  without  expressing 
our  great  pleasure  in  having,  from  a  veteran  in  screw  propellers,  the  paper  which  he  has  put 
before  us.  Anyone  would  be  inclined  to  criticise  such  a  paper  liberally  and  generously  as 
coming  from  him,  and  I  think  he  deserves  the  greatest  credit  for  what  he  has  done.  He  has  come 
forward  and  tried  to  put  Mr.  Froude's  theories  into  actual  fact.  No  ship-builder  has  yet  tried 
to  do  it,  and  I  think  we  owe  Mr.  Griffiths  an  acknowledgment  for  what  he  has  done,  and  for 
what  he  has  pointed  out.  The  only  thing  I  should  like  to  ask  Mr.  Griffiths  about  is  this  :  In  the 
experiments  which  I  believe  he  carried  out  with  these  models  he  gives  us  the  speed,  he  gives  us  the 
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results,  but  there  is  the  one  difficulty,  what  was  the  power  exerted  on  the  model  ?  Well,  as  far  as 
I  have  verified  his  experiments,  I  have  not  been  able  to  find  out  what  that  power  is.  I  do  not  think 
the  paper  has  distinctly  and  clearly  given  us  the  power  that  is  acting  at  the  other  end  of  the  shaft, 
and  therefore  it  is  quite  impossible  to  say  what  the  merit  of  the  propeller  is. 

Mr.  A.  C.  Kirk  :  I  was  very  pleased  indeed  to  find  Professor  Kennedy  speaking  so  strongly  and 
favourably  of  trial-trip  experiments  as  giving  us  the  clear  relation  between  the  power  and  speed  of 
ships.  I  have  analysed  a  great  many  voyages  of  steamers  of  various  companies,  and  I  must  confess 
it  has  resulted  in  conparalivcly  little  information  indeed.  Now,  trial-trip  experiments  will  not 
certainly  give  you  the  absolute  speed  of  a  ship  at  sea.  A  ship  at  sea  never  maintains  her  trial 
speed,  as  I  think  most  of  us  know,  but  you  get  the  correct  relation  between  the  power  and  the 
speed,  and  the  speed  at  sea  is  simply  a  question  of  the  power  of  continuance  of  an  engine— what 
power  you  can  keep  up  at  sea— which  is  a  very  simple  affair.  Engines  will  generally  keep  up  at  sea, 
if  decently  well  managed,  three-fourths  of  Avhat  they  will  do  if  properly  worked  upon  a  trial  trip.  In 
other  cases,  if  they  are  decently  managed  they  will  do  about  two-thirds.  Much  depends  on  the 
qualities  of  the  coals  supplied,  but  it  runs  between  those  two  figures.  As  to  the  relation  between  the 
horse-power,  and  the  consumption  of  coal,  and  the  speed,  I  have  not  the  slightest  faith  in  logs,  but 
I  have  very  strong  faith  in  well-conducted  trial-trip  experiments,  but,  as  I  have  said,  they  must  be 
properly  and  well  conducted. 

Mr.  Eavenhill  :  I  feel  I  must  make  a  remark  or  two  after  what  has  passed  from  our  friends 
hereto-night  from  the  Clyde.  I  remember  the  time  when  trial  trips  were  almost  confined  to  the  neigh- 
bourhood of  London.  I  believe  the  only  measured  mile  was  the  mile  on  the  Thames,  and 
it  is  gratifying  to  find  that  our  friends  now  lay  such  stress  on  the  experiments  made  on  the  measured 
mile.  We  have  been  to-night  over  the  old  ground,  because  there  are  two  sides  to  the  question.  If 
you  look  at  it  on  the  scientific  side,  there  can  be  no  doubt  that  the  measured-mile  trips  are  most 
valuable.  The  measured-mile  trials  as  recorded  by  the  Admiralty,  the  trials  as  recorded  by  the 
Peninsular  and  Oriental  Company,  and  possibly  others,  are  most  valuable  tables  of  reference ;  but, 
unfortunately,  a  shipowner  cares  but  little  about  them.  We  have  that  battle  to  fight  with  him.  You 
all  know  perfectly  well  that  the  moment  a  ship  is  ready  for  a  trial  trip,  the  owner  wants  to  send  her 
out  to  sea,  and  to  begin  to  earn  some  return  for  the  capital  which  he  has  invested.  Once  that  is  done 
he  only  looks  to  the  carrying  powers  of  his  ship,  and  the  cost  of  coal  entailed  on  him  to  convey  so  many 
tons  of  goods  from  one  port  to  another.  Discussions  like  this  may  so  far  do  good  as  eventually  to 
bring  shipowners  to  give  a  little  more  time  to  experiments  such  as  we  should  all  desire  to  see  made 
with  every  steamship  before  she  permanently  takes  up  her  station.  If  a  series  of  experiments  with 
all  the  ships  that  are  built  could  only  be  carried  out  for  say  a  year  or  a  year  and  a  half,  the 
amount  of  information  we  should  in  that  time  collect  would  be  most  invaluable  data  for  the  future. 
I  do  not  know  how  we  as  an  Institution  can  put  that  prominently  before  them,  but  if  it  could  be 
devised  in  any  way  it  would  be,  I  am  sm-e,  attended  with  most  beneficial  results  to  all  of  us.  We 
evidently  have  a  great  deal  to  learn. 

Mr.  Edward  James  Harland  :  My  Lord  and  gentlemen,  I  cannot  refrain  fi-om  giving  a  decided 
expression  On  my  part  against  the  practice  of  short  distance  trips,  because  the  amount  df  jockeying 
and  dodging  that  goes  on  in  running  a  measured  mile  has  been  a  greater  stumblingblock  to  progress 
than  anything  else.  I  am  perfectly  satisfied  that  more  sound  constitutions  in  the  structure 
of  marine  engines  are  destroyed  and  ruined  for  their  lives,  by  measm-ed-mile  trips  than 
by  fair  working  at  sea,  and  I  have  regretted  exceedingly  sometimes  seeing  the  absm-d,  I  may 
say  ridiculous,  amount  of  indicated  horse-power  that  has  been  actually,  no  doubt  by  figm-es, 
given  out  at  the  trial  trips  of  some  of  our  magnificent  frigates,  when  I  am  satisfied  it  would 
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not  be  safe  ever  again  to  attempt  it,  for  one  reason,  and  that  is  that  such  a  power  is 
never  required  to  be  developed,  and  next,  because  the  parts  of  the  machinery  have  become  so 
injured  or  so  strained  by  the  extraordinary  development  of  power  in  the  measured  mile,  that  it 
would  be  extremely  unwise  to  attempt  it  again.  Therefore,  on  behalf  of  the  shipowners,  although 
Professor  Kennedy  as  much  as  said,  "  Let  the  shipowners  look  to  their  part  of  the  business :  as 
professional  men,  it  is  for  us  to  see  that  we  get  out  certain  nominal  results,"  I  say  it  is  our  business 
as  naval  architects  to  consider  the  interest  of  shipowners,  because  it  is  on  them  we  have  to  rely 
entirely.  If  we  cannot  produce  that  which  is  practically  of  use  to  the  shipowner,  our  vocation,  or  our 
profession,  if  you  choose  to  give  it  that  name,  is  entirely  gone.  Therefore,  on  behalf  of  the  ship- 
owners, I  say  that  trial  trips  over  the  measured  mile  are  simple  deceptions,  and  if  I  were  a  shipowner 
I  would  not  allow  anything  of  the  sort,  and  as  ship-builders  we  allow  nothing  of  the  sort.  When  we 
make  a  contract  for  a  ship  to  be  finished  by  us,  our  contract  is  that  the  ship  shall  give  out  that  work 
continuously — one  hour,  six  hours,  or  sixty  hours.  The  boilers  are  so  arranged  that  the  feed  can  be 
on  during  the  whole  of  the  time.  Now,  we  know  perfectly  well  how  dodging  goes  on  in  the  feed  in 
trial-trips  over  a  measured  mile.  We  know  the  accumulation  of  pressure,  and  all  those  series  of 
nonsensical  matters  which  I  think,  as  naval  architects  and  engineers,  we  ought  to  be  entirely  above. 
If  our  engines  are  fit  to  do  their  work  commercially,  for  that  is  the  real  result  of  the  whole  thing, 
they  should  be  able  to  do  it  continuously,  and  not  under  circumstances  only  of  special  stokers 
picked  coal,  and  all  sorts  of  nonsense  which,  in  the  early  days  of  naval  architecture,  were  very  fine, 
but  we  have  now  to  deal  with  facts,  and  in  foreign  competition  all  that  sort  of  thing  is  passed.  I 
would  strongly  urge  that  we  do  not  allow  ourselves  to  be  any  longer  bamboozled  by  anything  of  the 
kind.  I  am  extremely  glad  to  find  that  the  Admiralty  have  most  wisely,  latterly,  changed  that  condi- 
tion of  things,  and  I  am  delighted  to  hear  that  on  a  recent  occasion  of  a  trial  trip  it  was  for  six  hours. 
I  say  that  is  a  very  decent  time.  You  can  have  it  in  the  middle  of  the  day  and  pick  your  ground, 
and  if  the  ship  will  do  it  for  six  hours  she  will  do  it  for  sixty,  but  as  for  running  a  paltry  mile,  your 
big  ship  has  hardly  time  to  get  under  way  before  she  is  turned  round  and  the  whole  thing  is  over. 
We  have  the  pockets  of  the  shipowners  to  consider;  the  Government  is  another  matter,  and  I  leave  it 
for  them  to  consider ;  but  as  far  as  the  mercantile  marine  is  concerned,  it  is  really,  after  all,  what 
will  the  ship  do  for  six  hours  or  sixty  hours  ? 

Mr.  Parker  :  Mr.  Chairman,  I  am  sorry  to  see  our  friends  from  the  Clyde  on  the  left,  and  our 
friend  Mr.  Harland,  on  the  right  so  much  disagree  about  these  trial  trips.  I  am  also  sorry  to 
hear  that  Mr.  Eavenhill  thinks  the  shipowners  do  not  interest  themselves  nor  care  much  about  trial 
trips  being  carried  on  correctly.  It  may  be  interesting  to  this  meeting  to  know  that  two  large  firms 
in  Liverpool  have  arranged  with  the  captains  and  engineers  of  their  steamers,  to  make  correct  progres- 
sive trials  varying  from  four  to  the  maximum  number  of  knots  the  vessels  are  capable  of  making 
while  on  their  voyage  to  India.  I  had  sent  to  me  yesterday  a  very  nice  table,  the  result  of  one  ship's 
performance  ;  her  length  is  361  ft.,  beam  37  ft.,  depth  2G-3  ft.,  and  she  was  loaded  to  a  draft  of 
21  ft.  9  in.;  the  speed,  power,  and  consumption  per  hour  is  given  progressing  from  5  knots  to  13  knots. 
I  have  also  obtained  permission  from  a  very  large  steam  shipowner  in  London  to  arrange  with  his 
engineers  and  captains  while  their  vessels  are  on  their  voyages  to  make  trials  of  a  similar  nature. 
The  result  of  these  trials  I  shall  tabulate,  and  some  day  I  hope  to  be  able  to  lay  them  before  this 
Institution. 

Mr.  H.  S.  Mackenzie  :  I  am  a  stranger  here,  but  if  allowed  to  speak  I  should  be  glad  to  return  my 
thanks  to  the  gentleman  before  Mr.  Parker  for  taking  the  side  of  the  shipowners.  I  agree  with  him  in 
a  great  many  points,  and  I  can  simply  say  that  I  never  go  by  any  trial  trips,  and  the  trial  trips  of 
vessels  in  which  I  am  interested  have  always  been  when  laden.    They  have  to  run  a  certain  distance 


THE  ACTION  OF  THE  SCREW  PROPELLER. 


118 


along  the  coast  in  the  direction  in  which  they  have  to  go  when  deeply  laden.  If  the  owners  are  there, 
and  find  the  vessel  docs  the  si)eed  which  the  engineers  and  builders  guaranteed  she  would  do  fully 
laden  during  five  or  six  hours,  wc  feel  perfectly  satisfied,  and  the  vessels  generally  have  done  what 
the  builders  and  engineers  said  they  would  do,  I  rise  also  to  say  a  few  words  in  confirmation  of  what 
Mr.  Griftiths  has  said.  I  happen  to  be  the  largest  private  experimentaliser  in  screws  in  this  country. 
I  never  had  any  assistance  from  Government  or  from  any  Association,  and  I  have  spent  thousands  of 
IDOunds  in  carrying  on  experiments  with  screws,  and  I  can  quite  verify  what  Mr.  Griffiths  has  said. 
I  have  a  screw  yacht  of  between  40  and  50  tons,  and  by  simply  moving  the  screw  in  the  way  Mr. 
Grifliths  has  mentioned,  I  attained  very  favourable  results.  I  fancy  I  read  an  account  of  it  some  six 
weeks  since  in  the  engineering  papers,  and  it  tallied  exactly  with  my  own  experience.  The  further  the 
screw  is  moved  in  a  space  such  as  is  described  in  that  drawing,  the  better  would  be  result.  But  our 
large  merchant  ships  or  men-of-war  would  have  some  difficulty  with  regard  to  the  construction, 
because  it  would  weaken  the  vessel  to  cut  out  so  much.  It  simply  comes  to  this,  that  the  further  you 
move  the  screw  from  the  body  of  the  vessel  the  better,  and  the  gain  of  one  knot  in  the  yacht  to  which 
I  have  referred  was  made  by  moving  the  screw  only  nine  inches.  It  was  possible  to  move  it  21  inches, 
the  space  in  the  vessel  being  very  large,  owing  to  her  peeiTliar  arrangement.  I  believe  the  fust 
gentleman  that  ever  adapted  that  to  screw  propulsion  was  Mr,  Erichsen,  and  although  there  might 
be  other  claimants,  yet  I  think  I  am  right  in  giving  him  the  credit  of  it.  He  drives  his  screw  in 
halves,  and  each  screw,  right  and  loft-handed,  worked  in  opposite  directions  on  a  concentric  shaft. 
Those  experiments  were  carried  out  to  a  result  which  I  believe  has  been  attained  in  this  very  yacht 
which  I  referred  to.  But  on  taking  off  one  of  those  screws,  the  right-handed  one,  leaving  the  left- 
handed  one  on,  it  was  close  up  to  the  sternpost.  The  vessel's  speed  was  knots,  with  her  engines 
working  at  their  ordinary  revolutions,  at  about  120,  with  a  pressure  of  75  on  the  boiler — no  other 
pressure,  no  overworking  in  the  engine-room  or  anything.  That  is  very  fair  work,  9j  knots  with  120 
revolutions  ;  but  with  a  screw  five  feet  in  diameter  and  eight  feet  pitch,  simply  moved  9  j  inches  further 
away  from  the  body  of  the  vessel,  she  went  10^  knots  as  nearly  as  possible  all  the  way  from  Falmouth 
to  Dover  and  back  again  continously.  I  should  be  very  happy  to  have  Mr.  Griffiths  or  any  member, 
when  that  vesselis  in  the  Thames  again,  to  try  that  with  any  form  of  screw  ;  and  I  feel  confident  (it  does 
not  matter  what  form  of  screw),  by  moving  it  in  that  space  as  mentioned  by  Mr.  Grifiiths,  that  result 
will  be  gained.  Whether  it  is  done  by  having  an  open  space  or  by  having  the  screw  further  away 
from  the  vessel,  I  cannot  tell,  but  it  so  happens  it  is  an  open  space  in  my  vessel.  I  mention  that 
merely  to  encourage  Mr.  Grifliths  in  what  he  is  doing.  Having  carried  out  Mr.  Froude's  calculations 
on  a  small  scale,  I  have  verified  them  on  a  large  one  with  a  vessel  of  50  tons,  with  a  screw  five  feet  in 
diameter,  with  eight  feet  pitch,  with  a  revolution[^of  120  ;  and  I  have  increased  the  speed  of  that  vessel 
nearly  one  knot  by  a  movement  of  the  propeller  of  nine  inches  further  away  from  the  vessel. 

Mr.  R.  Gbiffiths  :  The  fii'st  question  that  was  asked  was  with  reference  to  the  trunk.  I  tried 
an  experiment  on  a  ship  of  Mr.  Penn's,  the  Elepliant — a  very  fuU-sterned  vessel.  I  put  a  screw 
with  a  boss  nearly  two-thirds  of  its  diameter  and  the  same  i)itch  as  the  old  three-bladed  common  screw 
in  a  trunk,  and  on  the  stern  I  fitted  parallel  cylindrical  pieces  of  the  same  diameter  as  the  boss,  to 
prevent  the  water  coming  against  the  front  of  the  boss.  By  this  arrangement,  to  my  great  disappoint- 
ment, I  lost  half  a  knot.  I  then  had  the  trunk  taken  off  and  left  the  screw  as  it  was,  and  the  speed 
was  then,  within  a  mere  trifle,  the  same  as  with  Mr.  Penn's  old  screw,  the  three-bladed  one.  After 
that  I  determined  to  find  out  the  cause  of  the  loss  of  speed.  I  first  altered  my  model  to  the  form  of 
the  Elephant,  and  then  found  that  I  obtained  similar  results  from  it,  to  those  I  had  already  obtained 
from  the  Elephant.  I  next  substituted  conical  pieces  for  the  cylindrical  ones  in  fi-ont  of  the  boss,  and 
this  resulted  in  a  loss.    This  first  drew  my  attention  to  the  fact  that  whenever  a  screw  is  near  the 

P 


114 


THE  ACTION  OF  THE  SCEEW  PEOPELLEB. 


taper  of  the  hull  of  a  ship  the  action  of  the  screw  in  drawing  away  the  water  from  the  tapered  surface 
increases  the  resistance  of  the  ship,  and  in  order  to  test  this  idea  more  fully  I  tried  various  screws, 
placing  them  first  near  the  end  of  the  run  and  then  moving  them  fmiher  away  gradually.  By  this 
I  found  that  in  every  case  the  speed  increased  as  the  screw  was  moved  aft,  until  it  was  two-thirds  of 
its  diameter  from  the  end  of  the  run,  and  there  the  speed  was  a  maximum,  being  about  fifteen  to  twenty 
per  cent,  more  than  when  the  screw  was  in  the  usual  position,  and  that  as  the  screw  was  moved  still 
further  back  the  speed  gradually  decreased.  These  experiments  were  made  with  various  amounts  of 
power,  the  maximum  being  50  ft.  pounds  per  minute,  and  as  the  weight  of  my  model  was  65  lbs.,  and 
the  speed  then  about  120  feet  per  minute,  the  power  divided  by  the  speed  was  about  one  two-hundredth 
of  the  weight  of  the  model,  which  is  about  the  proportion  which  exists  in  our  large  ironclads.  This 
is  so  simple  that  I  have  no  doubt  in  a  very  few  months  it  will  be  proved  on  a  large  scale.  I  am 
now  prepared  to  put  a  screw  on  any  suitable  ship  at  my  own  cost,  if  the  owners  will  give  me  half  the 
value  of  the  engine  power  that  would  be  required  to  obtain  the  increase  of  speed  that  my  improvements 
will  effect. 


PROCEEDINGS  ON  APRIL  IT'^- 


A  Special  General  Meeting  of  Members  and  Associates  was  held  on  Friday,  April  4tli,  in 
the  Hall  of  the  Society  of  Arts,  at  11  a.m.,  Lord  Hampton  in  the  chair,  when  the  followin^^ 
alterations  and  new  bye-laws  proposed  by  the  Council  were  agreed  to  unanimously,  on  the 
motion  of  Mr.  N.  Barnaby,  seconded  by  Mr.  A.  C.  Kirk  : — 

7.  After  tlie  words  "  shall  be  held  annually  "  'msert  "  before  Easter  in  each  year." 

30.  In  January  of  each  year  the  Council  shall  meet  and  prepare  Lists  for  the  Election  of  the 
Council  for  the  ensuing  year.    These  Lists  shall  be  as  follows,  namely  : — 

1st.  A  List  of  the  names  of  the  President,  Vice-Presidents,  and  Treasurer,  for  the  ensuing  year, 
to  be  submitted  at  the  Annual  General  Meeting,  for  their  election  in  a  body. 

2nd.  Lists  for  the  Election  of  the  Ordinary  Members  and  Associate  Members^of  Council.  This 
List  shall  contain  the  names  of  the  existing  Ordinary  Members  of  Council,  and  Associate 
Members  of  Council,  and  at  least  six  new  names  of  Members,  and  at  least  two  new 
names  of  Associate  Members  of  the  Institution. 

31.  No  addition  shall  be  made  to  the  total  number  of  Ordinary  Members  of  the  Council  until  by 
death  or  resignation,  their  numbers  shall  have  been  reduced  below  twenty-four,  after  which  then- 
numbers  shall  be  raised  to  and  preserved  at  twenty-four.  And  no  addition  shall  be  made  to  the  Asso- 
ciate Members  of  Council  until,  by  death  or  resignation,  their  numbers  shall  have  been  reduced  below 
eight,  after  which  their  numbers  shall  be  raised  to  and  preserved  at  eight,  always  exclusive  of  the 
President,  Vice-Presidents,  and  Treasurer. 

32.  Not  later  than  the  14th  February  in  each  year,  the  complete  Lists  proposed  by  the  Council 
for  the  Ordinary  Council  for  the  ensuing  year  shall  be  printed,  and  sent  to  aU  Members  to  serve  as 
Balloting  Lists.  These  Lists  shall  contain,  first,  the  names  of  the  existing  Ordinary  Members  of 
Council  at  the  time  of  the  preparation  of  the  Balloting  List,  together  with  six  new  names  of  Members 
of  the  Institution  (or,  if  the  number  shall  have  been  reduced  below  twenty-four,  then  so  many  new 
names  as  shall  be  needed  to  bring  the  number  up  to  thirty),  and  the  whole  of  these  names  shall  be 
printed  in  alphabetical  order swithout  any  distinction  of  type.  Secondly,  the  names  of  the  existing 
Associate  Members  of  Council  at  the  time  of  the  preparation  of  the  Balloting  List,  together  with  two 
new  names  of  Associates  of  the  Institution  (or,  if  the  number  shall  have  been  reduced  below  eight, 
then  so  many  new  names  as  shall  be  needed  to  bring  the  number  up  to  ten),  and  these  names  also  shall 
be  printed  in  alphabetical  order  without  distinction  of  type.  From  these  Lists  the  new  Council  shall 
be  elected.  Every  Member  shall  be  at  liberty  to  strike  out  any  name  on  the  Lists,  but  he  must  strike 
out  SIX  names  from  the  Lists  of  Members  of  Council,  and  TWO  names  from  the  List  of  Associate 
Members  of  Council. 

33.  A  similar  Balloting  List  (in  which,  however,  the  names  of  the  ordinary  Members  of  Council 
proposed  for  Election  shall  not  be  included)  shall  be  printed  and  sent  to  all  Associates  of  the  Institu- 
tion, to  serve  as  a  Balloting  List  for  Associates,  from  which  the  voting  for  Associate  Members  of 
Council  shall  be  taken.    Every  Associate  shall  be  at  liberty  to  strike  out  any  names  on  that  List ; 
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but  he  must  reduce  the  uumber  by  striking  out  two  names  from  the  List  of  Associate  Members  of 
CounciL 

34.  The  Balloting  Lists  may  be  sent  by  post  or  otherwise  to  the  Secretary,  so  as  to  reach  him 
before  the  day  and  hour  named  for  the  Annual  General  Meeting,  or  they  may  be  personally  presented 
by  the  Members  and  Associates  at  the  opening  of  the  Annual  General  Meeting. 

35.  At  the  opening  of  the  Annual  General  Meeting  the  order  of  business  shall  be  : — 

(1)  To  read  and  consider  the  Eeports  of  the  Council  and  Treasurer. 

(2)  To  read  the  List  of  Officers  and  Nomination  for  Council  for  the  ensuing  year,  proposed  by 
the  Council. 

(3)  The  Cliairman  shall  next  put  to  the  Meeting  the  List  containing  the  names  of  the  Presi- 

dent, Vice-Presidents,  and  Treasurer,  for  election  for  the  ensuing  year. 

(4)  The  Chairman  shall  then  nominate  two  Scrutineers  (of  whom  one  only  shall  be  a  Member 

of  the  existing  or  proposed  Council),  and  shall  hand  to  them  the  Ballot  Boxes  containing 
the  Voting  Papers  for  the  Ordinary  Members  of  Council  and  Associate  Members  of  Council, 
and 

(5)  The  Scrutineers,  assisted  by  the  Secretary  and  his  clerks,  shall  receive  all  Ballot  Papers 

which  may  have  reached  him,  and  all  others  which  may  be  presented  by  Members  or 
Associates  at  the  Meeting.  The  Scrutineers  shall  then  retire,  and  verify  the  Lists,  and 
count  the  votes  ;  and  shall,  not  later  than  the  following  day,  report  to  the  Chairman  the 
names  which  have  obtained  the  greatest  number  of  votes,  subject  to  the  conditions  of  the 
Ballot.  The  Chairman  shall  then  read  the  List  presented  by  the  Scrutineers,  and  shall 
declare  the  gentlemen  named  in  the  List  to  be  duly  elected. 

(6)  After  the  Ballot  shall  have  been  taken,  and  the  Scrutineers  have  reth-ed,  the  Meeting  wiU 

proceed  to  the  other  business  before  it. 

36.  The  new  Council  and  officers  shall  take  office  immediately  after  the  close  of  the  Annual 
General  Meeting. 

Memorandum. — Following  Bye-Laws  to  be  renumbered. 
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By  J.  Wright,  Esq.,  Vice-President. 

[Paper  read  at  the  Twentieth  Session  of  the  Institution  of  Naval  Architects,  4th  April,  1879,  the  Right  Hon. 

LoBD  Hampton,  G.C.B.,  D.C-L.,  President,  in  the  Chaii'.] 


In  the  paper  on  the  comparative  efficiency  of  twin  screw  propellers  in  deep  draught  ships,  read 
by  Mr.  White  at  last  year's  meeting  of  the  Institution,  some  particulars  were  given  of  the  first 
trials  of  H.M.  despatch  vessel  Iris,  and  in  the  discussion  which  followed  a  promise  was  given 
to  communicate  to  the  Institution  the  results  of  some  further  trials,  intended  to  be  made  wuth 
her,  with  screw  propellers  of  modified  forms  and  dimensions.  I  now  propose  to  redeem  that 
promise,  so  far  as  I  am  able  to  do  so. 

The  trials  were  not  so  complete  and  extensive  as  it  w^as  then  hoped  that  they  would  have 
l)een,  for  the  recasting  of  the  original  screw  blades  and  the  construction  of  a  pair  of  new  two- 
bladed  screws  occupied  a  considerable  length  of  time,  and  as  the  ship  had  to  be  completed 
ready  for  service  by  a  given  date,  the  proposed  series  of  trials  had  to  be  cui-tailed.  However, 
the  results  of  the  trials  which  were  made  are  interesting  and  instructive,  and  will,  it  is  hoped, 
assist  somewhat  in  throwing  light  on  the  hitherto  little  investigated  subject,  the  application 
of  twin  screws  to  fast  steam  ships. 

I  have  appended  to  the  paper  a  list  of  the  principal  dimensions  of  the  Iris,  and  her 
engines  and  boilers,  but  as  the  chief  subject  of  this  paper  is  the  performance  of  the  screw 
propellers,  I  will  not  take  up  time  by  reading  these  particulars. 

The  first  official  trial,^made  on  the  14tli  December,  1877,  was  w'hat  is  known  as  the 
contractors'  trial,  of  six  hours'  duration,  at  fuU  power,  at  sea,  to  test  the  efficiency  of  the 
machinery  generally.    The  following  are  the  particulars  of  this  trial : — 

^      ,     „  (Forward    15  ft.  8  in. 

Draught  of  Water   j^^^.   20  „  7  „ 

Area  of  Midship  Section   702  sq.  ft. 

Displacement    3,300  tons. 

•   n  T  J        (High   41-5  lbs. 

Mean  Pressure  m  Cyhnders....  ^ 

Average  Revolutions  per  Minute    90-318 

Average  indicated  H.P  ,   7,060 

Speed  of  Ship,  about   16-4  knots 
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On  this  trial,  and  on  a  preliminary  trial  made  just  before,  it  was  seen  that  the  speed  of  the 
ship  was  about  a  knot  an  hour  below  what  was  expected  by  her  designer,  the  Director  of  Naval 
Construction,  whose  estimate  of  the  speed  was  confirmed  by  the  result  obtained  in  Mr.  Froude's 
experiments  with  her  model,  and  it  was  determined,  as  had  been  done  from  time  to  time 
before,  to  make  several  series  of  progressive  measured  mile  trials,  to  ascertain  her  performance 
correctly,  and  from  the  results  to  try  and  find  out  the  cause  of  the  deficiency  of  speed. 

I  can  testify,  from  personal  attendance  at  the  trials,  that  they  were  all  most  carefully 
made  by  the  experienced  officers  at  Portsmouth,  but  you  will,  perhaps,  find  in  analysing  the 
results  of  the  trials  at  the  lowest  speeds,  that  in  spite  of  all  the  care  taken  some  discrepancies 
appear.  These  probably  have  arisen  from  the  difficulty  of  obtaining  the  indicated  H.P. 
with  sufficient  accuracy,  and  from  some  variation  in  the  amount  of  the  friction  of  the  engines 
on  the  several  days  of  the  trials.  The  two  pairs  of  engines  have  eight  cylinders,  four  high 
and  four  low  pressure ;  at  low  powers  the  indicated  pressures  are  very  small,  and  the  increments 
of  error  which  may  arise  from  the  friction  of  the  indicators  and  the  measurement  of  the 
diagrams,  where  the  top  and  bottom  lines  are  very  close  together,  will  tell  much  more  than 
at  the  higher  powers. 

The  hull  of  the  Iris,  as  you  are  aware,  is  of  Landore  steel,  and  the  bottom  was  coated 
with  Sims's  composition.  The  state  of  the  hull,  both  above  and  below  water,  was,  as  nearly 
as  possible  the  same  on  all  the  measured  mile  trials,  and  they  were  all  made  at  about  the 
same  draught  of  water — viz.  15  ft.  8  in.  forward,  and  20  ft.  6  in.  aft.  Fortunately  also  the 
force  of  the  wind  and  the  state  of  the  sea  were  so  nearly  similar  on  the  days  of  the  trials  that 
these  influences  on  speed  may  be  left  out  of  account  in  considering  the  results  of  the  trials. 

At  the  above  draught  of  water  the  midship  section  is  700  square  feet ;  the  displacement, 
3,290  tons;  and  the  wetted  surface,  18,600  square  feet. 

The  original  screws  of  the  Jn's  were  four-bladed,  as  shown  in  Figs.  1,  4,  and  7,  Plates  VL 
and  VII.;  diameter,  18  ft.  6^  in.;  the  pitch  at  the  leading  edge  was  17  ft.  2  in.,  at  the  after  edge 
19  ft.  2  in.,  and  the  mean  pitch,  as  measured,  18  ft.  2  in.  The  disc  area  of  the  blades  is  about 
the  usual  proportion  for  four-bladed  screws,  viz.,  roths  of  the  whole  disc.  This  type  of  screw 
had  given  very  good  results  in  a  number  of  single- screw  ships,  and  notably  in  the  Himalaija, 
where  it  gave  the  best  results  of  any  she  has  had  during  her  long  career.  The  case  of  the  Iris 
shows,  however,  that  a  propeller  which  has  proved  very  efficient  for  a  single-screw  ship  may 
not  be  well  suited  for  a  twin -screw  ship. 

The  particulars  of  the  speed  trials  with  the  original  screws  are  given  in  the  Table  under 
First  Series,  and  the  indicated  H.P.  curve  is  shown  on  Fig.  10,  Plate  VIII.  It  will  be  observed 
that  the  highest  speed  obtained  with  7,503  I. H.P.  was  only  lG-577  knots,  or  about  a  knot 
below  what  was  expected.    These  screws  will  be  referred  to  as  No.  1. 

The  second  series  of  progressive  trials  was  made  with  the  same  screws,  with  two  of  the 
blades  of  each  removed,  but  no  alteration  was  made  in  the  pitch  of  the  blades  left  in  place. 
This  was  considered  to  be  the  simplest  and  readiest  method  of  proving,  as  was  supposed,  that 
the  blade  area  of  the  screws  with  four  blades  was  largely  in  excess. 

The  particulars  of  these  trials  are  given  in  the  Table  under  Second  Seriep,  and 
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the  I.H.P.  curve,  Fig.  10,  Plate  VIII.,  shows  a  great  improvement  in  the  performance  as  com- 
pared with  the  previous  trials .  It  was  not  considered  desirable  to  put  a  very  high  power 
on  these  two-bladed  screws,  or  to  run  the  engines  at  more  than  about  90  revolutions,  and, 
consequently,  the  highest  I.ll.P.  developed  was  4,3G8,  with  88-89  revolutions,  and  the  speed 
obtained  was  15*72G  knots. 

Although  this  series  of  trials  proved  that  the  blade  area  of  the  No.  1  screws  was  much  too 
large,  it  could  not  be  accepted  as  proving  that  two-bladed  screws  were  better  than  four-bladed, 
and  as  it  was  desired  to  retain  four  blades  for  the  working  screws,  on  account  of  the 
less  amount  of  vibration,  and  of  the  greater  uniformity  of  action  to  be  obtained  in  rough 
weather,  the  original  blades  were  recast  by  Messrs.  Maudslay,  and  made  to  the  form  and 
dimensions  shown  in  Figs.  2,  5,  and  8,  Plates  VI.  and  VII. 

The  reduced  diameter  is  16  ft.  3^^  in.,  or  2  ft.  3  in.  less  than  before,  but,  as  will  be  seen 
on  comparing  the  forms  of  the  old  and  new  blades,  the  effective  diameter  is  reduced  in  a 
rather  larger  ratio  than  the  actual  diameter.  The  pitch  at  the  forward  edge  of  the  blades  is 
18  ft.  11^  in. ,  at  the  after  edge  20  ft.  llj  in.,  and  the  mean  pitch,  as  measured,  is  19  ft.  11^  in., 
or  an  increase  of  1  ft.  9^  in.  on  the  No.  1  screws.  The  disc  area  of  the  blades  is  -288  of  the 
whole  disc.  The  blades  are  curved  aft  a  little  towards  the  tips,  with  the  view  of  keeping  the 
points  rather  further  away  from  the  A  brackets,  and  of  checking,  in  some  degree,  any  centrifugal 
tendency  of  the  water  acted  on.  The  blades  were  polished  on  both  sides  to  reduce  friction,  and 
the  edges  were  made  sharp.  The  original  bosses  to  which  the  new  blades  were  attached  had 
each  a  conical  tail-piece  added.    These  screws  will  be  referred  to  as  No.  3. 

The  particulars  of  the  trials  are  given  in  the  Table  under  Third  Series,  and  the  I.H.P.  curve 
is  shown  in  Fig.  10,  Plate  VIII.  This  shows  an  improvement  on  No.  2  screws  with  two  blades, 
and,  as  compared  with  No.  1  screws,  an  increase  at  full  speed  of  2  knots,  with  only  211  I.H.P. 
more.  The  maximum  speed  was  18*57  knots,  or  about  a  knot  more  than  the  original  estimated 
speed.  The  vibration  was  very  moderate,  considering  the  large  amount  of  power  put  through 
the  screws,  and  the  fineness  of  the  stern  of  the  ship. 

As  the  full  power  of  the  engines  could  not  be  exerted  on  the  No.  2  screws  with  two  blades, 
a  pair  of  full  strength  two-'bladed  screws  of  the  usual  well-known  Griffiths'  shape  were  made. 
The  blades  were  polished  on  both  sides,  like  those  of  No.  3  screws,  and  the  edges  were  made 
sharp;  the  boss  was  spherical,  and  had  a  conical  tail-piece.  The  diameter  is  18  ft.  1|-  in., 
the  pitch  at  the  leading  edge  20  ft.  in.,  at  the  after  edge  22  ft.  3^  in.,  and  the  mean  pitch 
as  measured  21  ft.  3^  in.  The  disc  area  of  the  blades  is  -19  of  the  whole  disc.  These  screws 
will  be  referred  to  as  No.  4.    They  are  shown  in  Figs.  3,  6,  and  9,  Plates  VI.  and  VII. 

The  particulars  of  this  series  of  trials  are  given  in  the  Table  under  Fourth  Series,  and  the 
I.H.P.  curve,  the  best  of  all,  is  shown  in  Fig.  10,  Plate  VIII.  The  highest  speed  given  by 
these  screws  was  18*587  knots,  with  7,556  I.H.P. 

The  vibration  set  up  in  the  vessel  with  these  screws  in  use  was  greater  at  all  speeds  than 
with  either  of  the  four-bladed  screws.  At  the  12^  knots  speed  the  vibration  was  very  moderate, 
but  it  increased  greatly  up  to  the  15f  knots  speed,  and  from  this  it  decreased  again  until  the 
maximum  speed  of  18^  knots  was  reached,  when  it  was  nothing  unusual.    After  this  series  of 
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trials  was  made  it  was  determined  to  retain  the  No.  3  screws  for  use  on  the  vessel,  although 
their  performance  on  the  measured  mile  was  not  quite  so  good.  It  was  intended  to  reduce  the 
diameter  and  increase  the  pitch  of  No.  3  and  No.  4  screws,  and  try  them  again,  but  time  did 
not  permit  of  this  being  done.  The  mean  pitch  at  which  each  screw  was  set  was  determined 
by  the  revolutions  the  engines  were  required  to  make  to  develop  at  least  the  specified  I.H.P., 
7,000.  The  engines  being  compound,  it  was  necessary  to  run  them  at  fully  90  revolutions 
to  get  them  to  take  enough  steam  of  60  lbs.  pressure  to  produce  the  specified  power. 

You  will  observe  that  the  blades  of  all  the  screws  were  made  with  a  small  increase  of 
pitch,  2  ft.  on  the  width  of  the  blade,  with  the  view  of  diminishing  shock  at  the  leading  edge. 
All  the  screws  were  made  of  gun-metal,  as  usual  in  the  Navy. 

It  had  been  suggested  that  the  engines  of  the  Iris,  having  four  high  and  four  low  pressure 
cylinders  with  the  accompanying  large  number  of  moving  parts,  might  absorb  more  power 
than  usual  in  dead  load  friction.  In  order  to  test  this  by  actual  trials,  the  screw  shafting- 
was  disconnected  at  the  first  coupling,  and  the  engines  run  at  various  speeds  from  18  up 
to  90  revolutions  per  minute.  At  the  low  speeds  the  top  and  bottom  lines  of  the  indicator 
diagrams,  taken  with  the  weakest  springs  available  at  the  time,  were  so  close  together  that  the 
mean  pressure  could  not  be  obtained  with  sufficient  accuracy  to  warrant  me  in  giving  the 
results  as  reliable.  At  the  highest  speeds,  however,  I  believe  the  diagrams  may  be  taken  as 
fairly  trustworthy. 

Each  set  of  engines  was  kept  running  steadily  while  two  sets  of  diagrams  were  taken. 
The  port  engines  running  at  87-5  revolutions  per  minute  gave  202  I.H.P.,  and  the  starboard 
engines  at  90  5  revolutions  gave  196  I.H.P.,  or  together  398  I.H.P.,  in  dead  load  friction. 
The  trials  at  all  speeds  showed  that  the  starboard  engines  worked  with  the  least  friction. 

In  Fig.  11,  Plate  VIII.,  are  shown  the  indicated  thrust  curves  for  the  measured  mile 
trials  with  the  several  screws.  The  indicated  thrusts  have  been  calculated  by 

I.H.P.  X  33,000   ^  ^ j^^.^^^ 

mean  i^itcli  of  screw  x  revs,  per  min. 

The  baseline  shows  the  speed  in  knots,  and  the  ordinates  the  thrust  in  tons.  The  curves  have 
been  completed  in  the  manner  devised  by  Mr.  Froude,  and  it  will  be  seen  that  the  curve  for 
No.  1  screws  shows  a  dead  load  friction  for  the  machinery  equivalent  to  an  indicated  thrust  of 
5-3  tons. 

Now,  as  before  stated,  the  indicated  H.P.  of  the  two  sets  of  engines,  running  disconnected 
from  the  screw  shafting,  was  398,  and  this  converted  into  equivalent  thrust  for  No.  1  screws 
gives  3*78  tons.  When  this  is  deducted  from  the  5-3  tons  shown  by  the  curve  there  is  left  1-52 
tons,  as  the  amount  due  to  the  friction  of  the  screw  shafting.  From  this  we  find  that  the  horse- 
power to  overcome  the  resistance,  or  initial  friction  of  the  screw  shafting  alone  at  90*5  revolu- 
tions, would  be  170.  The  aggregate  initial  friction  of  the  engines  alone  at  90-5  revolutions  absorbs 
practically  400  IT.P.,  and  the  sum  for  the  engines  and  shafting  400  +  170  =  570  H.P.  The 
developed  I.H.P.  with  the  same  speed  of  engines  and  the  original  screws  would  amount  to  7,330, 
and  therefore  the  power  expended  on  dead  load  friction  was  only  about  eight  per  cent,  of  the 
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gross  power.  This  shows  that  the  engines  were  so  well  made  and  the  bearings  so  well  adjusted 
that  they  worked  with  unusually  little  friction.  They  compare  well  in  this  respect  with  the 
machinery  of  those  single  screw  vessels  of  the  Mercantile  Marine,  tlie  progressive  trials  of 
which  were  analysed  by  Mr.  Fronde  and  explained  at  the  meeting  of  1870.  In  these  he  found 
the  average  value  of  this  loss  to  be  about  thirteen  per  cent,  of  the  I.E. P.,  and  he  assigns  this 
as  the  probably  general  value. 

I  come  now  to  the  question  why  was  the  performance  of  No.  1  screws  with  four  blades  so 
much  inferior  to  the  performances  of  all  the  others  ? 

Authorities  on  the  subject  of  screw  propulsion  teach  us  that  the  effective  thrust  or 
efficiency  of  a  screw  propeller  depends  upon  the  quantity  of  water  acted  on  in  a  given  time, 
and  the  steraward  velocity  impressed  upon  it,  and  that  it  is  always  preferable  to  make  the 
sternward  velocity  of  the  current  small,  by  adopting  a  form  of  screw  which  will  act  on  the 
largest  possible  quantities  of  water.  Indeed,  it  has  been  said  that  if  it  were  not  for  the 
objectionable  element  "  surface  friction,"  there  would  theoretically  be  no  objection  to  an 
indefinite  extension  of  blade  area.  In  short,  it  has  been  always  considered  as  essential  to 
the  efficient  performance  of  screws  generally,  that  their  blade  area  should  be  large,  and  that 
the  water  must  be  permitted  to  flow  freely  to  them. 

Now,  No.  1  screws  with  four  blades  appear  to  fulfil  the  above  conditions  very  completely ; 
for  the  blade  area  is  undoubtedly  very  large,  and  as  the  run  of  the  Iris  is  very  fine,  there  is 
no  obstruction  to  an  ample  supply  of  water  for  the  screws.  Notwithstanding  this,  however, 
the  results  of  the  trials  appear  to  show  that  on  account  of  the  large  diameter  of  the  screws,  the 
shape,  and  the  large  area  of  the  blades,  combined  with  a  fine  pitch  and  consequent  high  rotaiy 
velocity,  an  extraordinarily  large  amount  of  power  was  absorbed  in  the  surface  friction  of  the 
blades.  But  seeing  what  a  large  amount  of  power  appears  to  have  been  wasted  at  the  highest 
speeds  with  No.  1  screws,  it  is  difficult  to  believe  that  it  can  be  all  credited  to  this  cause,  and 
it  is  interesting  to  form  an  estimate  of  the  amount  absorbed  in  the  surface  friction  of  the 
blades.  In  our  present  state  of  knowledge  it  is  difficult  to  determine  this  with  even 
approximate  accuracy,  but  the  elaborate  and  valuable  experiments  made  by  Mr.  Froude,  in 
1872,  on  the  friction  of  planes,  with  surfaces  of  various  kinds,  travelling  edgeways  through 
water,  furnish  data  which  at  all  events  enable  us  to  form  an  estimate  of  the  friction  of  screw 
blades,  under  certain  conditions  and  with  certain  reasonable  assumptions.  The  following  are 
the  results  of  the  calculations  which  have  been  made  : — 

For  Nos.  1  and  2  screws,  which  were  coated  with  Sims's  composition,  the  co-efficient  of 
friction  has  been  taken  as  a  mean  of  those  given  by  Mr.  Froude  for  a  surface  of  varnish,  and 
one  of  fine  sand.  For  a  mean  length  of  surface  of  3 J  ft.,  the  width  of  the  blades,  this 
amounts  to  '00564,  and  adding  ten  per  cent,  for  edge  resistance  the  co-efficient  becomes 
•0062  for  these  screws. 

The  polished  surfaces  of  No.  3  screws  were  probably  less  smooth  than  Mr.  Fronde's  tinfoil 
surface,  and  about  intermediate  between  it  and  the  varnished  surface.  For  a  mean  width  of 
blade  of  3  ft.  the  co-efficient  for  this  screw  with  10  per  cent,  added  as  before  would  be 
•0038. 
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No.  4  screws  bad  a  similarly  smooth  surface,  but  tbe  meau  widtb  of  blade  being  4  ft. 
the  co-efficient  becomes  -00365  inclusive  of  10  per  cent,  for  edge  resistance. 

Time  will  not  admit  of  the  details  of  the  calculations  being  given,  but  the  results  shov;ing 
the  horse  power*  expended  on  blade  friction  are  as  follows : — 


No.  1  Screws. 

At  91-04   revolutions  per  minute  =  1,120  horse  power. 
,,82-148       „  „       „     =    820  „ 

,,65-105  „  „  „  =  410  „ 
,,4.3-358       „         „       „     =    120  „ 

No.  2  Screws. 

At  88*89  revolutions  per  minute  =  530  horse  power. 

„  81*2  „          „       „     =  400  „ 

65*06  ,,       „     =  210 

„  45*07  „          „       „     =  .  70  „ 


5  , 


No.  3  Screws. 

At  97*189  revolutions  per  minute  =  420  horse  power. 

,,85*388       „         „       „      =  280  „ 

,,61-343       „         „       „      =  110  „ 

,,40-963       „         „       „      =  30  „ 


No.  4  Screws. 

At  93-25  revolutions  per  minute  =  330  horse  power. 

,,76*93        „         „       „      =  200  „ 
,,  59-385      „         ,,       ,,      =       90  ,, 
„  39*15                 „       ,,      =       30    „  „ 


To  admit  of  the  results  being  more  clearly  apprehended,  curves  are  given  in  Fig.  12, 
Plate  VIII.,  showing  the  calculated  surface  friction  for  the  several  screws  at  the  various  speeds 
of  the  progressive  trials.  The  base  line  gives  the  revolutions  per  minute,  and  the  ordinates 
show  the  indicated  horse-power  absorbed  in  the  surface  friction  of  the  blades,  obtained  as 
explained  above. 

*  It  must  be  remembered  that  tbe  powers  above  given  as  actually  expended  at  tbe  screws  on  bbxde  friction, 
are  less  than  the  indicated  horse-powers  which  must  necessarily  be  developed,  at  the  engines  to  overcome 
these  resistances.  As  the  proportion  in  which  the  indicated  horse-power  exceeds  the  power  actually  expended 
on  friction  at  the  screws  is  not  obtainable,  no  estimate  of  it  has  been  attempted  in  the  paper. 
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In  Fig.  13,  Plate  VIII.,  are  drawn  the  liorsc-powcr  curves  for  the  trials  with  the  several 
screws,  but  in  this  case  the  power  expended  in  the  friction  of  the  screw-blades,  as  obtained  from 
the  above  calculations,  has  been  deducted  from  the  total  indicated  horse-power  as 
developed. 

It  will  be  seen  at  a  glance  that  the  performance  of  No.  1  screws  is  still  much  the  worst, 
and  that  on  the  above  assumptions  respecting  surface  friction  a  large  amount  of  power  still 
remains  to  be  accounted  for.  But  it  may  be  said  the  co- efficient  of  friction  taken  for  these 
screws  was  too  small.  To  go  to  extremes,  let  us  find  the  co-efficient  of  friction  on  the 
supposition  that  the  whole  of  the  difference  of  the  power  as  expended  on  the  four  blades  of 
No.  1  screws,  and  the  two  blades  of  No.  2  screws  was  absorbed  in  surface  friction,  and  we  shall 
then  find  the  povver  remaining  available  for  the  propulsion  of  the  ship,  and  to  overcome  other 
resistances  and  see  whether  this  appears  to  be  enough.  The  question  of  augment  of  resistance 
will  be  considered  farther  on. 

The  trial  of  No.  2  screws  at  the  15-72G  knots'  speed  gives  a  ready  means  of  making 
the  comparison.  The  power  developed  to  obtain  this  speed  was  4,370  with  88-9  revolutions, 
and  the  power  which  would  be  required  with  No.  1  screws  to  give  the  same  speed  of  ship 
would  be  6,080,  with  85'75  revolutions. 

The  blade  friction  of  No.  2  screws  with  the  co-efficient  of  "0062  was  shown  to  be 
equivalent  to  530  horse-power,  and  similarly  with  the  same  co-efficient  No.  1  screws  to  give 
the  same  speed  of  ship  would  absorb  897  H.P.  The  latter  power  divided  by  the  former 
gives  a  ratio  of  1  '689. 

If  F  be  taken  to  represent  the  horse-power  absorbed  in  the  surface  friction  of  No.  2 
screws  at  15'726  knots  speed  of  ship,  then  whatever  the  co-efficient,  may  be  1 '689  F  will 
represent  the  horse-power  expended  on  the  surface  friction  of  the  No.  1  screws  at  the 
same  speed  of  ship.  If  P  be  taken  to  represent  the  horse-power  left  after  the  assumed 
screw  blade  friction  has  been  deducted,  P  will  be  the  same  for  each  screw  to  produce  the 
same  speed  of  ship. 


The  relation  between  the  amount  of  power  absorbed  by  blade  friction  of  No.  1  and  No.  2 
screws  at  any  speed  of  ship  is  represented  by  the  proportion  of  the  intercepted  ordiuates 
{aa  :  hh')  of  the  respective  curves  shown  in  Fig.  14,  Plate  VIII. 

In  the  case  of  No.  1  screws  6,080  -  1,890  =  4,190  H.P.  would  thus  be  absorbed  in 
friction,  and  in  the  case  of  No.  2  screws  4,370  -  1,890  =  2,480  H.P.  This  would  correspond 
to  a  co-efficient  of  friction  =  -0288,  or  about  4*65  times  that  the  co-efficient  taken  in  the 
first  calculations. 

It  is  evident  that  this  latter  estimate  of  the  blade  friction  is  far  too  great,  for,  as  shown 


6080  -  P 
■689  P 
P 


1-689  F 
F 

1-689  (4370  -  P) 


1,300 
1,890 
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by  the  above  calculations,  it  would  absorb  all  the  power  developed  by  the  engines  except  1,890, 
and  this  small  amount  which  is  left  would  have  to  overcome — 

1st.  The  initial  or  dead  load  friction  of  the  machinery. 

2nd.  The  working  load  friction  of  the  machinery  and  pump  resistances. 

3rd.  The  slip  of  the  screws. 

4th.  The  resistance  of  the  ship  at  15*726  knots'  speed. 

5th.  The  augment  of  resistance  due  to  the  action  of  the  screws. 

Now,  according  to  Mr.  Fronde's  experiments  with  the  model  of  the  Iris,  the  I.H.P. 
necessary  to  overcome  the  resistance  of  the  hull  alone — i.e.,  the  E.H.P. — would  be  2,160  at 
15*726  knots'  speed.  We  see,  therefore,  that  blade  friction  cannot  be  taken  to  account  for 
anything  like  the  whole  of  the  bad  performance  of  the  No.  1  screws,  and  we  must  look  for 
other  sources  of  loss. 

1st.  It  is  probable  that  the  four  broad-pointed  blades  of  No.  1  screws  were  more  fruitful 
in  eddy  making  than  the  others,  and  encountered  more  loss  from  this  cause ;  then,  as  the 
blades  followed  so  closely  on  each  other,  taking,  as  it  were,  slices  of  water  about  4^ 
feet  thick,  they  might  disturb  injuriously  the  water  for  each  other.  That  is,  each  blade 
probably  came  in  contact  with  eddies  set  up  by  the  blade  which  preceded  it,  particularly 
towards  the  points  of  the  blades,  where  they  were  broadest  and  the  velocity  greatest.  The 
eddies  would,  no  doubt,  be  worst  where  the  blades  approached  the  sides  of  the  ship,  and  the 
heads  of  the  A  brackets  which  carry  the  screw  bearings. 

As  the  blades  of  No.  2  screws  followed  each  other  at  intervals  about  twice  as  long,  any 
eddies  set  up  by  one  blade  would  probably  be  left  behind  before  the  other  could  sweep  round 
upon  them. 

It  may  be  said  in  objection  to  this  view,  then  why  was  the  performance  of  No.  3  screws, 
which  had  also  four  blades,  so  good  ?  These  screws  were  of  less  diameter  and  area,  and  of  rather 
more  pitch  ;  the  blades  had  narrow  points,  and  they  did  not  approach  so  close  to  the  sides  of  the 
ship  by  1  ft.  1^  in.  The  blades  did  not  attain  the  same  width  as  those  of  No.  1  screws  until 
a  distance  of  6  ft.  3  in.  from  the  sides  of  the  ship  was  reached,  and  such  blades  would  probably 
suffer  much  less  rotary  obstruction  from  disturbed  water. 

The  second  source  of  loss  with  the  No.  1  screws  must  be,  I  think,  in  the  greater  augment 
of  resistance  with  them  than  with  the  other  screws.  The  four  broad-pointed  blades  of  large 
area  set  so  nearly  square  to  the  line  of  motion  of  the  ship,  following  each  other  so  quickly,  and 
approaching  so  near  to  the  sides  of  the  ship,  must  interfere,  much  more  than  the  other  screws, 
with  the  stream  line  motions  of  the  water  closing  in  at  the  stern  to  balance  the  head 
resistance. 

Mr.  Froude  estimates  that  the  disturbance  of  stream  line  motions,  by  the  screw  in  well- 
formed  single  screw  ships,  is  equal  to  from  forty  to  fifty  per  cent,  of  increase  upon  the 
resistance  of  the  ship,  when  towed  at  the  same  speed.  With  twin  screws  there  is  good  reason  to 
behove  that  the  augment  of  resistance  has  a  less  percentage  than  with  single  screws,  but  on 
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the  other  hand,  there  is  the  drag  of  the  brackets  or  struts  and  the  shaft  tubes  to  be  overcome, 
and  in  the  Iris  this  drag  is  known  to  be  exceptionally  great.  The  run  of  tlie  Jris 
is,  however,  very  fine  (as  you  will  see  by  the  section  at  the  screws  (Figs.  1,  2  and  3),  and  the 
screws  may  exercise  less  than  the  usual  influence  on  the  stream  line  motions,  as  compared 
with  most  twin  screw  ships.  Still  the  amount  of  influence  exercised  must  in  itself  be  large, 
and  a  consideration  of  this  may  help  us  to  understand  why  the  original  screws  of  the  Iris  gave 
so  much  worse  results  than  the  others. 

The  great  amount  of  attention  which  has  of  late  years  been  given  to  the  improvement  of 
the  designs  of  ships  and  engines  has,  it  is  feared,  for  a  time,  prevented  such  full  consideration 
from  being  given  to  the  improvement  and  proper  adaptation  of  the  screw  propeller  as  such  an 
important  subject  deserves.  It  is  understood  that  cases  similar  to  that  of  the  Iris  have 
occurred  in  the  mercantile  marine,  and  if  those  who  have  had  experience  of  any  such  cases 
would  lay  the  particulars  of  them  before  the  Institution,  they  would  help  to  elucidate  a  subject 
on  which  much  has  yet  to  be  learned. 

H.M.'s  Twin-Screw  Steel  Despatch  Vessel  "Iris." 
Principal  particulars  of  Ship  and  Machinery. 

Ship. 

Length   300  ft. 

Breadth   40  ft.  1  in. 

Displacement  at  trial  draught    ....       ....       3,290  tons 

Coal  capacity     ....       ...       ....       ....       ...        ....       ....  ToOtons 

Engines. — The  two  sets  of  engines  are  placed  in  independent  engine-rooms,  separated  by 
a  transverse  water-tight  bulkhead.  Each  set  consists  of  four  cylinders,  two  high  pressure, 
41  in.  in  diameter,  and  two  low  pressure  75  in.  diameter.  The  high-pressure  cylinders  are 
bolted  to  the  fronts  of  the  low-pressure  cylinders,  and  are  partly  recessed  into  them.  The 
length  of  stroke  is  3  feet.  The  high  pressure  cylinders  are  fitted  with  expansion  valves  on  the 
backs  of  the  slide  valves. 

An  arrangement  of  change  valves  and  pipes  is  fitted  to  the  cylinders,  by  means  of  which 
each  is  put  into  direct  communication  with  the  boilers  and  condensers.  The  engines  are  thus 
capable  of  being  worked  as  simple  engines  with  steam  of  low  pressure.  A  surface  condenser  con- 
structed of  brass  is  fitted  in  each  engine-room  at  the  backs  of  the  cylinders.  The  tubes  are 
I  in.  in  diameter,  and  the  total  cooling  surface  of  each  is  about  7,000  square  feet.  One 
vertical  air-pump  to  each  set  of  engines,  43  in.  diameter  and  21  in.  stroke,  is  driven  by 
a  rod  ofif  the  foremost  low-pressure  piston  of  each  set,  and  by  bell  crank  levers. 

Two  centrifugal  pumps,  3  ft.  9  in.  in  diameter,  are  employed  for  circulating  the  water 
through  the  condensers.  These  are  capable  of  pumping  500  tons  of  water  per  hour  from  the 
ship  in  the  event  of  a  leak. 

The  crank  shafts  are  of  wrought  iron,       inches  in  diameter.    The  propeller  shafting, 


126 


THE  STEAM  TEIALS  OF  H.M.S.  "IRIS." 


X  to 


t-~     n  lo 


H 


^       ^  (M 


cs     cs  ^ 


r-i       i-i  CO 


CO 
1—1 


2  as 


CO 


00  ^ 


p. 

.2 

Q 


THE  STEAM  TRIALS  OF  II.M.S.  "  IRIS." 


127 


with  the  exception  of  the  aftermost  lengths,  which  are  of  solid  wrought  iron,  are  made  hollow, 
of  Whitworth's  fluid  compressed  steel. 

The  diameters  of  the  lengths  inside  the  ship  are  14}^  in.  outside  and  8  in.  inside  ;  of  the 
lengths  in  the  stern  tubes,  10  in.  outside  and  10  ia.  inside  ;  of  the  lengths  outside  the  vessel, 
15^  in.  outside  and  9^  in.  inside.  The  aftermost  lengths  of  wrought  iron  are  15^  in. 
diameter.  The  length  of  shafting  outside  the  ship  is  53  ft.  6  in.  to  the  centres  of  the  propeller 
bosses.  Two  brackets  20  ft.  G  in.  apart  are  fitted  on  each  side  of  the  ship  to  support  the 
shafts,  which  are  covered  with  thin  plate-iron  casings  to  prevent  ropes,  &c.,  from  fouling  them. 

BoiLEiiS. — There  are  twelve  boilers,  placed'intwo  boiler-rooms,  which  are  separated  by  a 
transverse  water-tight  bulkhead.  The  boilers  face  each  other,  and  are  fired  from  middle  line 
platforms.  The  shells  of  the  boilers  are  made  of  the  same  material  as  the  hull  of  the  ship, 
viz.,  Landore  steel. 

The  following  are  the  dimensions  of  the  boilers  : — In  after  boiler-room,  six  three-furnace 
boilers,  12  ft.  6  in.  wide,  13  ft.  G  in.  high,  9  ft.  7  in.  long.  In  the  forward  boiler-room,  two 
three-furnace  boilers,  12  ft.  G  in.  wide,  13  ft.  3  in.  high,  9  ft.  7  in.  long ;  and  four  two-furnace 
boilers,  12  ft.  2  in.  diameter,  9  ft.  C  in.  long.  Diameter  of  the  furnaces,  3  ft.  1^  in.  Length  of 
fire  grates,  7  ft.  Total  area  of  grate,  690  sq.  ft.  Diameter  of  boiler  tubes,  3  j  in.  Length  of 
boiler  tubes,  G  ft.  5^  in.    Total  tube  surface,  15,900  sq.  ft.    Load  on  safety  valves,  G5  lbs. 

There  are  two  fixed  funnels,  with  ventilating  pipes  up  their  centres.  The  diameter  of  the 
forward  funnel  is  7  ft.  8  in.,  and  of  the  after  funnel  8  ft.  4  in.  The  height  of  the  funnels 
above  the  dead  plates  of  the  lower  furnaces  is  G7  ft. 


DISCUSSION. 

Mr.  W.  Denny:  My  Lord,  if  the  opinion  which  we  had  last  night  from  a  justly  renowned 
shipbuilder  with  regard  to  the  value  of  measured  mile  trials  were  accepted,  I  am  afraid  that  this 
Institution  would  be  obliged  to  treat  this  most  valuable  and  excellent  paper  as  a  trifling  with  its 
feelings,  and  a  contemptuous  treatment  of  its  experience  and  understanding.  We  would  be  obliged 
to  ask  that  all  these  elaborately  delicate  and  distinctively  conducted  trials  should  be  replaced  by  a 
series  of  logs  of  voyages  at  different  speeds  and  in  all  kinds  of  weather.  I  ask  this  Institution  to 
consider  whether  the  result  would  be  clearer,  whether  it  would  be  better,  and  whether  it  would  be  more 
advantageous  for  the  advancement  of  the  science  of  naval  architecture.  Now,  passing  over  all  this, 
and  expressing  what  is  my  OAvn  frank  opinion,  it  is  that  I  am  glad  this  paper  has  been  read  before  us, 
because  it  marks  once  more  that  the  Admiralty  of  this  country  are  taking  the  lead  in  this  question ; 
and  no  naval  architect  who  has,  as  I  have,  a  sincere  respect  and  admiration  for  that  great  body  and 
its  skill,  can  help  feeling  glad  that  they  have  come  forward  and  produced  a  paper  which,  I  tbiuk, 
on  the  special  subject  of  steam  trials,  has  not  been  equalled  in  the  history  of  this  Institution.  I  do 
not  think  that  I  over-praise  this  paper  in  any  way.  Looking  to  the  honesty  with  which  these 
trials  have  been  conducted,  and  the  careful  analysis  with  which  Mr.  Wright  has  separated  all  the 
results — how  he  has  avoided  the  temptation  of  running  rashly  to  the  supposition  that  the  friction  of 
the  blades  alone  causes  all  the  difference — how  delicately  he  has  divided  one  point  from  another — I 
think  we  must  again  congratulate  ourselves  that  such  a  paper  has  been  read  before  us,  and  I  think 
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that  this  paper  stands  out  as  proof,  if  you  will  look  at  those  curves,  that  there  is  no  necessity  with 
progressive  trials  for  either  picked  stokers  or  picked  coal.  Both  these  items  can  be  safely  left  over  as 
a  superfluity,  because  both  are  not  of  any  absolute  necessity.  What  curve  of  the  four  that  are  before 
you  was  the  one  that  interpreted  the  difficulty  which  surrounded  the  Iris's  case  ?  It  was  the  dotted 
line  in  black,  the  curve  of  the  lowest  maximum  speed,  a  curve  with  two  blades  taken  off  the  original 
propeller  which  did  not  permit  the  engines  to  be  driven  up  to  their  maximum  indicated  horse-power, 
and  which  did  not  necessitate  picked  coal  or  picked  stokers.  That  curve  stated  the  first  interpretation 
of  the  question,  and  in  the  same  way  properly  conducted  progressive  trials  have  no  need  of  a  high 
maximum  speed  for  the  purpose  of  interpreting  their  results.  I  may  state  further  before  you  that  so 
far  as  the  trials  of  my  own  firm  are  conducted,  they  are  untarnished  in  honesty ;  and  I  know  this, 
that  the  trials  personally  conducted  by  the  majority  of  the  firms  on  the  Clyde  are  untarnished  in 
honesty,  and  there  is  no  man  who  would  dare  say  one  word  against  them.  It  may  astonish  gentlemen 
here  to  know  that  one-half  of  these  trials  are  conducted  without  the  owners  or  the  owners' 
representatives  being  there,  and  we  never  supply  the  information  unless  the  owner  has  a  desire  for 
knowledge  sufficient  to  induce  him  to  ask  for  it.  The  information  is  got  for  our  own  private  purposes. 
I  now  turn  to  make  a  few  remarks  on  particular  items  in  Mr.  Wright's  paper.  Mr.  Wright  has  spoken 
about  the  small  initial  friction  that  existed  in  the  Iris,  and  I  think  he  is  quite  right  in  giving  all  credit 
to  the  engineers  for  the  small  initial  friction,  because  it  is  very  small — 8  per  cent.  He  quotes  from 
Mr.  Fronde's  paper,  which  dealt  with  the  trials  of  a  ship  built  by  my  firm,  the  Merkara,  in  which 
the  initial  friction  was  13  per  cent,  of  the  maximum  indicated  horse-power.  But  the  trials  of  the 
Merkara  were  exceptional  from  some  cause  or  other  in  this  initial  friction.  We  measure  our  initial 
friction  by  what  practically  comes  to  the  same  thing  as  Mr.  Wright's  measurement  in  tons,  by  the 
mean  pressure  of  steam  referred  to  the  large  cylinder.  That  mean  pressure,  as  most  of  the  engineers 
here  must  be  aware,  varies  from  25  to  28  lbs.  Now  we  have  had,  and  not  only  we,  but  many  of  our 
friends  have  had,  initial  friction  which  varied  from  1"8  to  2*5  pounds — that  is  to  say,  from  a 
percentage  slightly  below  8  per  cent,  to  a  percentage  of  about  10  per  cent.,  supposing  you  take  the 
minimum  mean  pressure  at  about  25  lbs.  But  there  is  another  point  with  regard  to  this  initial  friction 
which  has  given  me  great  pleasure,  and  that  is  the  way  in  which  these  experiments  of 
Mr.  Wright's  have  confirmed  the  value  of  the  discovery  of  Mr.  Froude,  that  the  initial  friction  does 
exist  and  can  be  measured.  Mr.  Wright's  experiments  with  the  engines  running  disconnected 
have  proved  that  with  a  reasonable  addition  for  the  shafting  friction,  the  initial  friction  shown 
by  the  curves  is  a  reality.  I  can  add  to  that  proof  something  further.  We  have  been  fortunate 
in  the  case  of  three  ships,  to  have  them  tried,  not  only  at  a  light  draught,  but  at  a  load  di-aught. 
Now  the  result  of  these  trials  was  this,  that  within  a  very  small  range  the  initial  friction  at  the 
load  draught  corresponded  to  the  initial  friction  at  the  light  draught,  and  corresponded  so  closely 
that  any  little  difference  might  be  accounted  for.  This  is  an  additional  proof  and  confirmation  of 
the  reality  of  the  great  discovery  of  that  ablest  member  we  have,  Mr.  Froude.  Mr.  Wright  has 
very  properly  said  that  similar  cases  to  the  Iris  have  occurred  in  the  mercantile  marine :  I  am  sorry 
they  have  not  occurred  with  us.  I  would  have  been  glad  of  a  blunder  to  have  had  such  a  noble 
success.  But  a  similar  case  did  occur  with  the  trials  of  the  last  large  Peninsular  and  Oriental 
steamer,  the  Kaiser-i-IUnd.  I  see  before  me  gentlemen  who  took  great  interest  in  her  trials,  and 
who  worked  them  out  and  showed  all  the  energy  that  one  could  desire  in  the  matter,  and  I  believe 
it  is  quite  within  the  bounds  of  probability  that  that  Company  may  be  induced  to  add,  in  the 
spirit  of  which  Mr.  Eavenhill  speaks  of  its  old  trials,  a  new  set  of  trials,  those  of  the  Kaiser-i-ITmd, 
to  the  contributions  which  it  has  made  already  to  our  knowledge.  I  am  certain  that  every  naval 
architect  here  would  say  to  that  Company  that  he  appreciated  the  experiments  and  the  analyses 
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which  it  hfid  made  in  that  case.  Gentlemen,  I  cannot  sit  clown  without  again  saying  how  glad  I  feel 
that  the  Admiralty  of  this  country  occupy  the  position  that  they  always  ought  to  occupy,  and  which  I 
believe  they  always  will  occupy,  of  being  in  the  forefront  of  naval  architecture. 

Mr.  Henry  Wimsiiurst  :  My  Lord,  with  your  permission  I  should  like  to  state  that  I  designed 
and  built  the  first  two  screw  steamships.  In  the  first  of  these,  the  Archimedes,  the  screw  was  made 
too  large  for  its  aperture,  and  I  obtained  permission  to  alter  it,  or  to  make  another  screw.  I  made 
another  screw,  smaller  in  diameter  and  in  length,  but  of  a  greater  pitch.  When  tried,  this  smaller 
screw  gave  an  increased  speed  of  two  knots  per  hour.  The  alteration  in  the  screws  of  the  Iria  is  very 
similar  to  that  which  I  made  in  the  Archimedes,  and  affords  lilce  results.  In  the  early  application 
of  the  screw,  and  in  many  vessels  of  modern  construction,  the  apertures  are  not  nearly  so  large 
as  they  should  be,  nor  is  the  screw  far  enough  from  the  body  of  the  ship,  in  consequence  of  which 
the  propeller  blade  when  passing  these  parts  or  places,  unduly  breaks  the  water  or  creates  a  partial 
vacuum ;  the  following  blade  on  its  approach  meets  the  water  falling  into  such  space  at  great 
velocity,  and  in  its  rear  leaves  a  similar  condition  of  things  for  the  next  blade  :  it  is  this  which  causes 
the  jumping  motion  in  the  stern  of  screw  vessels,  and  absorbs  a  considerable  part  of  their  engine 
power.  I  have  always  advised  that  the  screw  should  be  kept  as  clear  of  the  vessel  as  is  possible, 
and  now  I  have  nothing  to  add,  except  that  I  am  gratified  to  find,  that  what  I  did,  and  what  I  advised, 
forty  yeafs  ago,  is  beginning  to  be  accepted  as  sound  in  practice. 

Mr.  A.  C.  Kirk  :  Mr.  chairman,  it  is  with  the  greatest  pleasure  that  I  have  listened  to  this 
paper.  Fortunately  for  the  profession  in  general,  the  Iris,  by  a  fit  of  perversity,  so  to  speak,  fell  at 
first  so  far  under  what  was  expected  of  her,  that  these  trials  were  undertaken.  Very  fortunately 
Mr.  Denny  had  pointed  out  the  method  of  progressive  trials  for  investigating  such  cases ;  very 
fortunately,  also,  Mr.  Froude  had  investigated  the  resistance  of  the  huU  of  the  Iris ;  and,  also 
very  fortunately,  we  have  Mr.  Wright,  a  gentleman  who  has  made  and  given  us  the  most  complete 
analysis  of  these  results,  and  brought  out  the  Iris  to  a  triumphant  success.  Unless  I  misunder- 
stand the  paper,  one  knot  more  was  got  than  Mr.  Fronde's  experiments  indicated  ought  to  be  got. 
I  do  not  know,  of  course,  under  what  conditions  Mr.  Fronde's  experiments  were  made.  A  more  full 
explanation  would  be  very  interesting.  Most  of  the  paper  is  so  very  clearly  written,  that  it  is  beyond 
criticism  or  remark.  I  would,  however,  come  to  the  question  where  Mr.  Wright  speaks  of  the  engine 
friction.  Now  the  engine  friction  is  deduced  in  a  method  pointed  out  by  Mr.  Froude  as  strictly  correct, 
if  the  data  on  which  you  go  are  to  be  thoroughly  relied  on.  Unfortunately,  the  low  part  of  a  progressive 
trial  curve  is  generally  the  least  absolutely  correct.  In  my  own  case,  in  analysing  a  good  many 
engines,  the  variation  of  engine  friction  shows  that  while  it  may  be  actually  the  case  that  the  engines 
do  show  this  actual  variation  in  friction,  I  must  say  that  the  data  at  that  part  of  the  cuxve  are  often 
a  little  doubtful,  and  I  am  not  quite  prepared  to  accept  a  statement  that  the  engines  do  show  quite 
such  a  large  variation  in  friction  as  the  curves  would  indicate.  Xo  doubt  the  largest  element  of 
friction  is  the  state  of  the  piston  packing.  The  friction  of  the  bearings,  of  com-se,  will  teU ;  but  I  do 
not  attach  so  much  importance  to  that,  because  if  the  bearings  of  the  engine  are  so  tight  as  to 
materially  increase  the  friction,  the  heating  of  those  bearings  will  very  soon  draw  attention  to  the 
act,  and  it  will  very  soon  have  to  be  remedied.  Therefore,  imtil  excessive  friction  is  clearly  proved 
to  exist  in  an  engine,  I  do  not  think  it  is  prima  facie  at  all  probable  that  the  state  of  the  bearings  has 
very  much  to  do  with  it ;  but  the  piston  packings  admit  of  being  put  very  tight — obnoxiously  tight, 
and  as  the  steam  carries  off  the  heat  of  friction  of  the  piston,  we  are  never  the  wiser  until  sometimes 
the  mischief  is  done  and  the  cylinder  is  cut.  I  once  did  know  an  engine  where  the  piston  packing 
was  so  tightly  set  up  by  a  very  stupid  man,  who  wished  to  make  it  very  perfect  and  steam-tight,  that 
in  less  than  half  an  hour  the  packing  ring  had  so  thoroughly  cut  and  fii-ed  into  the  cylinder,  that  the 
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pressm-e  of  the  steam,  aided  by  the  other  cylinder,  pulled  the  centre  out  of  the  piston,  and  left  it  in 
bits  at  the  bottom  of  the  cylinder.  That  is  an  actual  case  that  occurred,  but  only  once  in  my 
knowledge,  therefore  I  give  it  merely  as  an  illustration.  I  find,  besides  deducting  the  engine  friction 
from  the  curve,  Mr.  Wright  has  tried  some  very  valuable  experiments  with  regard  to  running  the 
engine  disconnected.  The  horse-power  got  there  was  398.  Of  course  the  friction  of  the  engine 
under  these  conditions  was  100  per  cent,  of  the  whole  power.  To  some  extent  friction  is  increased 
when  the  load  on  the  piston  was  increased,  but  to  what  extent  I  do  not  know  exactly.  The  friction 
of  the  bearing,  no  doubt,  would  increase  very  nearly  as  the  mean  pressure  of  the  piston.  The  friction, 
however,  of  the  packing  rings,  which  probably  is  the  largest  part  of  it,  would  not  necessarily  increase 
at  that  rate.  Perhaps  it  might  not  increase  at  all ;  probably,  however,  to  some  extent  it  would 
increase,  because  there  is  generally  an  atmosphere  of  steam  behind  the  packing  rings,  as  is  evidenced 
by  the  amount  of  oil  and  dirt  that  gets  into  them.  That  is  one  point  on  which  I  feel  a  little  inclined 
to  dissent  from  Mr.  Wright's  paper  in  assuming  that  398  was  the  horse-power  of  the  friction  under 
a  full  load ;  I  fancied  it  was  more.  I  think  a  very  valuable  set  of  deductions,  indeed,  and  a  very 
original  one,  are  those  in  which  Mr.  Wright  analyses  the  waste  of  the  power  in  the  screw  propeller, 
showing  very  clearly,  in  fact,  that  blade  friction  will  by  no  means  account  for  anything  like  the 
power  that  was  wasted  there.  The  screw  propeller  works  in  a  very  confused  current,  and  possibly 
the  larger  diameter  of  screw  loses  a  good  deal  of  power,  because  at  the  one  side  next  the  vessel  it 
moves  in  water,  and  sets  in  motion  water,  that  is  more  or  less  moving  along  with  the  ship,  while  at 
the  tips  of  the  blades  probably  these  large  screws  were  passing  through  water  that  was  flowing 
past  the  ship.  Now  as  the  slip  was  almost  nothing,  the  probability  is  that  the  outside  edge  of  the 
blades  here  were  moving  edgewise  through  the  water  for  a  short  space,  while  those  on  the  inside 
were  violently  and  suddenly  moving  a  lump  of  water,  in  both  of  which  operations  there  is  evidently 
a  waste  of  power,  and  the  smaller  screw  evaded  that  difficulty  simply  by  keeping  out  of  the  way  of 
these  two  extreme  cases.  I  happened  to  see  a  case  that  convinced  me  very  strongly  that  there  are 
those  confused  cuiTcnts.  In  the  case  of  the  Cyclops,  twin  screw  ship,  the  engines  were  fitted  with  the 
usual  disconnecting  arrangement,  whereby  the  pins  in  the  coupling  can  be  drawn  back  with  screws. 
In  order  that  that  might  be  done  easily,  the  pins  were  a  little  slack;  they  were  rather  too 
much  slack,  in  fact.  So  long  as  we  were  running  straight  on  at  full  speed,  all  went  quietly  and 
nicely,  but  as  soon  as  that  was  over,  and  we  began  to  do  circles  and  put  the  rudder  hard  over,  it 
was  a  great  puzzle  to  know  what  was  going  on,  and  first  one  engine,  and  then  in  a  short  time  the 
other,  made  a  noise  uncommonly  like  riveting  going  on  in  the  engine-room.  Presently  I  could  trace 
it  to  this,  that  the  screw  that  was  going  sideways  into  still  water — that  is  to  say,  if  the  stern  was 
going  to  starboard — as  the  ship  went  round  the  starboard  screw  set  up  this  hammering,  and  it  was 
just  the  reverse  if  the  stern  went  to  port.  The  engines  were  making,  if  I  recollect  rightly,  a  very 
small  amount  of  negative  slip — not  very  much.  I  take  it  the  action  was  this :  as  the  screw  blades 
got  into  the  outside  water  flowing  past  the  ship,  a  portion  of  each  blade  got  a  blow  in  the  back, 
which  caused  this  back  wash.  I  fancy  that  was  the  explanation  of  it.  At  all  events  it  came  to  me 
as  a  sort  of  ocular  demonstration  that  there  was  a  very  confused  current  in  which  the  twin  screws 
were  working.  I  have  nothing  further  to  say,  except  to  repeat,  what  I  scarcely  need  repeat,  the  high 
appreciation  we  have  of  such  a  paper  as  has  been  given  to  this  Institution,  and  it  will  be  a  lasting 
memorial  of  the  progress  our  Admiralty  friends  have  made,  and  of  what  they  have  contributed  to 
this  Institution  and  to  the  scientific  world. 

Mr.  John  K.  Eavenhill  :  This  paper  has  followed  one  read  last  year,  and  discussed,  in  which 
the  subject  of  twin  screw  propulsion  formed  a  very  prominent  feature,  and  I  am  sure  we  must  all 
feel  deeply  indebted  to  Mr.  Wright  for  the  great  trouble  he  has  taken  in  laying  the  several  details 
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before  us,  and  adding  so  very  much  to  the  knowledge  of  various  members  of  this  Institution.  There 
can  be  no  doubt  that  the  fact  of  the  Iris  being  unsuccessful  in  the  first  instance,  to  a  certain  extent, 
led  to  a  series  of  trials  which,  had  it  not  been  for  that  inopi^ortune  result,  would  probably  not  have 
been  carried  out  in  the  way  in  which  they  have  been.  I  was  myself  connected  for  a  long  series 
of  years  with  the  Admiralty  officials  in  very,  very  many  trials  which  were  made.  I  have  always 
spoken  of  the  great  care  taken  in  conducting  them,  and  I  cannot  refrain  from  availing  myself  of 
this  opportunity  of  personally  expressing  that  very  valuable  information  is  due,  and  in  fact  has 
always  been  due,  to  the  results  obtained  by  the  measured  mile  trials  conducted  under  Admiralty 
supervision.    As  an  old  friend  of  Mr.  Wright's,  I  congratulate  him  on  the  great  success  of  his  paper. 

Admiral  Ryder  :  My  lord,  I  should  like,  with  the  permission  of  the  meeting,  to  make  a  very  few 
remarks  on  a  part  of  this  subject  which  has  been  very  much  talked  about  lately.  I  have  the  advantage 
of  knowing  Mr.  Froude  intimately,  and  I  dare  say  it  is  known  to  all  of  you  that  he  is  in  a  state  of 
very  delicate  health,  and  went  abroad  some  months  ago,  and  I  believe  he  is  still  absent.  He  went  to 
the  Cape.  Previous  to  that  I  visited  him  and  saw  some  of  his  experiments,  and  he  was  then  engaged 
on  the  question  of  the  dimensions  of  these  screw  propellers.  The  question  of  the  friction  of  the 
surface  of  the  screw  is  one  which  is  of  very  great  practical  importance  to  us  at  sea  in  our  ships, 
because  we  have  the  surface  of  our  screws,  by  the  action  or  formation  of  shells  upon  them,  turned 
from  the  very  smooth  surface  they  have  when  they  leave  Mr.  Wright's  supervision,  into  particularly 
rough  surfaces,  and  we  find  that  that  roughness  detracts  from  our  speed  in  a  most  remarkable  degree. 
It  is  of  great  importance,  and  I  think  you  will  allow  me  to  make  this  practical  deduction  from  it — to 
keep  our  screw  sm'faces  polished  as  much  as  possible.  As  naval  officers  we  get  copies  of  your 
discussions,  and  it  may  be  advantageous  to  the  younger  ones  to  know  that  the  first  thing  they  should 
do  on  coming  into  harbour,  if  they  cannot  raise  their  screw,  is  to  send  down  a  diver  to  clean  the 
surface  of  it  if  it  requires  cleaning.  It  takes  an  enormous  amount  of  our  speed  out  of  us  if  we  have 
a  very  rough  screw.  I  may,  perhaps,  speaking  of  the  question  of  surface  friction,  allude  to  what 
Mr.  Froude  also  drew  my  especial  attention  to,  that  whereas  we  like  the  whole  of  the  bottom  of  the 
shi]3  smooth,  it  is  much  more  important  that  the  bows  of  the  ship  should  be  smooth  than  the  part 
abaft  the  midship  section.  If  naval  officers  did  not  know  how  long  they  were  to  be  in  harbom*,  their 
first  business  would  be  to  polish  their  screws,  then  their  bows,  and  after  that  they  might  leave  the 
rest  of  the  ship,  not  paying  an}^  particular  attention  to  it. 

Captain  Colomb  :  My  lord,  I  should  like  to  add  one  word  to  what  Admiral  Eyder  has  said.  He 
has  spoken  of  the  probability  of  doing  these  things — of  cleaning  the  surface  of  the  screw  so  as  to  get 
rid  of  the  surface  friction.  Now,  in  the  ship  that  the  gallant  Admiral's  flag  flew  in,  in  China,  we 
suffered  very  much  from  the  incrustation  of  the  screw,  and  also  of  the  sm'face  of  the  bow  of  the  ship, 
and  it  became  after  a  little  time  our  constant  habit  to  do  as  the  gallant  Admiral  has  suggested — that  is 
to  say,  to  scrape  and  polish  by  means  of  divers  the  bows  of  the  ship  if  we  had  time,  but  certainly 
the  surface  of  the  screw  itself,  and  we  always  found  that  we  gained  very  considerably  in  economy  of 
coal  by  that  process.  It  was  not  a  long  job  to  clean  and  scrape  the  surface  of  the  screw,  but  we 
always  found  that  we  got  a  good  result  in  economy  of  coal  afterwards. 

The  President  :  I  am  sure  I  shall  only  speak  the  general  sense  of  the  meeting  if,  before  I  ask 
Mr.  Wright  to  reply  upon  the  observations  we  have  heard,  I  tender  to  him  our  thanks  for  a  paper  of 
great  ability  and  very  great  interest. 

Mr.  J.  Wright  :  My  lord,  with  your  permission  I  should  like  to  thank  the  gentlemen  who  have 
noticed  the  paper  in  the  complimentary  terms  in  which  they  have  done.  I  should  like  especially  to 
thank  Mr.  Denny,  who  has  done  so  much  in  the  same  line  himself.  Any  expression  of  approval  from 
Mr.  Denny  I  can  only  say  I  highly  appreciate.    With  reference  to  the  question  of  measm-ed  mile 
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trials  ;  generally  those  trials  were  made  Avitli  picked  coal  and  picked  stokers.  In  tlie  case  of  the  Iris 
the  picked  coal  "was  not  necessary,  but  the  picked  stokers  were  necessary,  and  for  this  reason :  it  was 
desired  to  keep  the  steam  uniformly  at  the  same  pressme  at  each  of  the  different  speeds,  and  this  is 
better  done  with  picked  stokers  than  ordinary  ones.  We  stationed  a  trained  man  at  the  steam  gauge, 
in  the  stoke  hold,  so  that  the  least  variation,  even  of  a  pound,  was  seen,  and  he  directed  the  stokers 
to  manage  the  dampers,  so  as  to  keep  the  steam  uniformly  at  the  same  pressure.  With  regard  to  the 
question  of  jockeying  at  measured  mile  trials,  I  think  those  who  have  attended  the  Admiralty  trials 
must  know  that  that  is  obsolete.  With  regard  to  jockeying  the  feed,  everyone  knows  that  with 
surface  condensers,  such  as  we  have,  if  they  tried  it,  they  would  very  soon  come  to  grief.  With 
reference  to  the  engine  friction,  I  can  only  say  that  I  agree  with  Mr.  Denny  and  Mr.  Kii'k,  that  the 
greater  proportion  of  the  variation  is  in  the  piston  friction,  and  probably  also  a  little  in  the  slide 
valves,  and  in  the  stuffing  boxes.  Of  course,  when  the  main  bearings  are  well  adjusted,  any  unusual 
friction  will  very  soon  show  itself.  I  am  pleased  to  find  that  the  Iris  worked  with  so  little  friction. 
Mr.  Kirk  has  asked  why  we  got  more  speed  with  the  Iris  than  we  expected.  At  the  time  the 
experiments  were  made,  we  did  not  very  well  know  what  percentage  of  the  gross  horse-power 
the  effective  horse-power  would  be.  It  turned  out  that  she  has  a  larger  effective  horse-power  compared 
to  gross  horse-power  than  was  expected,  therefore  we  got  a  better  result.  With  reference  to  Admiral 
Ej'der's  remarks  about  the  surface  friction  of  the  screws,  the  experiment  of  polishing  the  blades  of 
No.  3  and  4  screws  did  not  prove  to  be  of  what  I  should  call  permanent  value  ;  because  when  the 
blades  of  No.  8  were  removed,  after  having  been  in  the  water  for  about  ten  days,  the  surface  appeared 
as  if  it  had  been  covered  with  finely-powdered  lime  hardened,  and  when  you  put  your  hand  over 
it,  it  felt  as  if  you  were  rubbing  your  hand  on  fine  sand-paper.  Then  with  regard  to  the  blades 
of  No.  4  screw,  they  had  only  been  in  the  water  about  three  or  four  days,  when  they  began  to  exhibit 
the  same  appearance  and  to  give  the  same  rough  feeling  to  the  touch.  I  think  the  best  thing  to  do 
is  to  get  the  surface  tolerably  smooth  to  commence  with,  to  clean  the  screws  periodicallj',  and  when 
the  vessel  is  docked,  coat  them  Avith  a  good  composition. 
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The  use  of  mild  steel  as  a  substitute  for  iron  iu  shipbuilding  is  now  attracting  so  much 
attention,  that  some  interest  will  probably  be  felt  in  the  brief  description  of  the  structural 
arrangements  of  H.M.S.  Iris  which  is  given  in  this  paper.  It  is  well  known  that  this  vessel 
was  the  first,  built  in  England,  in  which  mild  steel  was  employed ;  and  that  she  was  the  first 
vessel  of  the  Royal  Navy  wholly  built  of  steel.  Notwithstanding  her  exceptional  character, 
as  compared  with  other  types  of  war  ships  or  with  m.erchant  ships,  it  may  be  well  to  put  on 
record  in  the  Transactions,  the  facts  as  to  her  scantling  and  structural  strength ;  for  while 
she  differs  from  most  seagoing  ships  in  many  particulars,  she  illustrates,  I  think,  some  prin- 
ciples of  construction  that  are  applicable  to  all  steel-built  vessels. 

It  is  necessary  at  the  outset  to  sketch  the  general  features  of  the  design.  The  principal 
dimensions  are  as  follows:  Length  between  perpendiculars,  300ft.  Breadth,  extreme,  4G  ft. 
Depth,  from  upper  deck,  at  side  amidships,  to  underside  of  bar  keel,  28  ft.  4i  in.  Depth 
of  keel,  1  foot.    Mean  load  draught,  19  ft.  9  in.    Corresponding  displacement,  3,735  tons. 

Mr.  Wright  has  given  in  his  paper  a  full  account  of  the  propelling  machinery,  and  the 
remarkable  steam  trials  of  the  ship.    I  need  not  repeat  the  description  here. 

Fig.  1,  Plate  IX.,  shows  in  outline  the  manner  in  which  the  hold- space  is  occupied  and 
subdivided.  No  less  than  138  ft.  of  the  length  is  occupied  by  engines,  boilers,  and  coals  ;  there 
are  two  separate  stokeholds  and  two  engine-rooms.  The  engines  and  boilers  are  kept  below  the 
water-line,  and  protected  throughout  by  wing  coal-bunkers,  varying  in  thickness  from  5  ft.  to 
!s  ft.  between  the  upper  and  lower  decks,  and  decreasing  in  thickness  as  the  depth  below  water 
increases.  These  bunkers  are  more  clearly  shown  in  the  "  Midship  section  "  (Fig.  3,  Plate  X.  ) 
The  outhne  "  Profile  view  "  (Fig.  2,  Plate  IX.)  shows  the  heights  of  the  decks  and  platforms, 
the  positions  of  the  bulkheads,  &c.  Reference  to  these  drawings  will  show  that  there  are  ten 
complete  watertight  transverse  bulkheads  ;  and  that  in  wake  of  the  stokeholds,  where  the  main 
bulkheads  are  44  ft,  apart,  intermediate  or  "partial  "  bulkheads  are  introduced  in  the  coal- 
bunkers.  The  longitudinal  bunker  bulkheads  are  also  watertight ;  and  throughout  the  length 
occupied  by  the  machinery  and  boilers  there  is  a  watertight  inner  skin,  forming  a  complete 
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double  bottom  (see  Fig.  3,  Plate  X.)  across  the  ship  between  the  bunkers.  Before  and  abaft  the 
double  bottom,  a  watertight  platform  is  built  about  7  ft.  below  the  lower  deck^  and  extended  to  the 
bow  and  stern  respectively.  This  platform  does  not  extend  quite  to  the  foremost  boiler-room 
bulkhead,  because  the  small  "  fore-hold  "  (about  14  ft.  in  length)  is  nearly  occupied  with  water- 
tanks  and  chain-lockers.  In  the  coal-bunkers  also  there  is  a  platform  about  mid-height  between 
lower  deck  and  bilge  (see  Fig.  2,  Plate  IX.)  As  is  usual  in  Her  Majesty's  service,  the  maga- 
zines and  other  enclosed  spaces  are  formed  into  watertight  compartments  ;  and  altogether, 
there  are  no  less  than  61  separate  compartments  ;  21  in  the  hold  proper,  and  40  in  the 
double  bottom  and  bunkers.  The  various  partition  bulkheads  just  mentioned  of  course 
contribute  largely  to  the  structural  strength,  especially  to  the  transverse  strength  ;  and  this 
must  be  kept  in  view  when  examining  the  framing.  In  some  respects  the  system  of  framing 
adopted  in  the  Iris  resembles  that  commonly  used  in  iron  vessels  of  the  Royal  Navy,  but  in 
other  respects  it  is  novel.  It  may  be  said  that  the  arrangement  of  the  framing  has-been 
governed  by  the  desire  to  efficiently  stiffen  and  support  the  comparatively  thin  skin-plating, 
while  avoiding  the  use  of  closely  spaced  transverse  frames.  The  skin-plating  is  |-  in.  thick, 
with  a  doubled  sheer-strake  ;  the  garboard  strakes  are  f  in.  Throughout  the  length  of  the 
double  bottom  the  transverse  frames  are  spaced  4  ft.  apart ;  before  and  abaft  the  double 
bottom  the  spacing  is  3j  ft.  By  means  of  the  longitudinal  framing,  shown  on  Figs.  2  and  4, 
the  unsupported  spaces  of  the  bottom-plating  are  kept  down  to  16  or  20  sq.  ft.,  and  buckling 
or  unfairness  is  prevented. 

The  midship  section  (Fig.  3,  Plate  X.)  represents  the  system  of  framing  in  wake  of  the 
double  bottom.  The  outer  or  frame  angles  are  6  x  3  x  tV  ;  they  are  made  continuous  from  the 
first  longitudinal  on  one  side  to  that  on  the  other,  passing  through  scores  cut  in  the  centre  or 
vertical  keel-plate,  and  are  again  continuous  from  the  upper  deck  down  to  the  second  longitudinal. 
Up  to  the  turn  of  the  bilge  the  transverse  frames  below  the  inner  skin  are  on  the  well-known 
"  bracket-plate  "  system,  the  brackets  being  formed  of  ts  in.  plates,  and  the  short  angles  on 
their  inner  edges  being  6  x  3  x  |  between  the  keel  and  second  longitudinal,  but  only  3  x  3  x  iV 
between  the  second  and  third  longitudinal,  where  a  lightened  plate  is  substituted  for  a  bracket. 
Within  the  coal-bunkers  the  reversed  frames  are  3  x  3  x  t^.  The  centre-plate  keel  is  f  in. 
thick,  with  lightening  holes  in  the  spaces  between  the  frames  ;  its  lower  edge  is  riveted  to  the 
bar  keel  (iron).  The  longitudinals  in  the  double  bottom  are  formed  of  I'V  in.  plates,  with 
3x3x1  bars  on  the  outer  edges  and  2^  x  2J  x  us  bars  on  the  inner  edges,  as  shown  in  Fig. 
5,  Plate  XI.  Plates  and  bars  are  worked  continuously,  with  butts  carefully  shifted  and  strapped, 
in  the  same  way  as  is  usually  done  in  armoured  ships.  The  first  longitudinal  out  from  the  keel 
on  each  side  is  made  watertight  throughout  the  double  bottom.  In  wake  of  the  bunkers  the 
light  transverse  framing  is  well  stiffened  by  the  lower  deck  stringer,  and  by  the  platform 
below  the  lower  deck  ;  besides  which  there  are  longitudinals  formed  of  10  X  3|-  X  3|-  x  tV 
Z-bars  (similar  to  those  now  used  for  frames  behind  armour  in  ironclads).  These  Z-bars  are 
scored  in  over  the  6  in.  frames  and  secured  to  the  skin-plating ;  a  continuous  3  x  3  x  f 
angle-bar  being  worked  inside  the  reversed  frames  and  riveted  to  them  and  to  the  Z-bars.  A 
strong  and  simple  stiffener  is  thus  secured  with  very  little  workmanship. 
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Outside  the  limits  of  the  double  bottom  the  framing  is  of  the  character  shown  in  Fig.  4, 
Plate  X.  It  closely  resembles  that  described  for  the  coal-bunker  spaces,  with  the  addition  of 
a  floor-plate,  and  a  gutter-plate  at  the  middle  line.  Care  is  taken  to  scarph-on  the  Z-bar  longi- 
tudinals before  and  abaft  the  double  bottom  to  the  deep  longitudinals  witliin  the  double  bottom. 
Fig.  6,  Plate  XI.  shows  an  outline  of  the  arrangement.  The  plates  of  the  longitudinals  are 
gradually  reduced  in  depth,  and  a  strake  of  the  inner  bottom  is  extended  over  the  tapered 
portion  of  the  longitudinal  to  strengthen  the  connection. 

The  inner  bottom-plating  is  A  in.  and  ^  in.  in  thickness ;  the  edge-joints  are  single- 
riveted,  and  butts  double-riveted.  It  is  worked  flush,  as  is  usual  in  ships  of  the  Navy.  Its 
vertical  continuations,  forming  the  coal-bunker  bulkheads,  are  of  ^  in.  plating  with  3  x  3  x  | 
vertical  stifieners  placed  30  in.  apart.  This  plating  is  lapped  and  single-riveted  at  the  edges, 
the,butts  being  double  riveted.  The  coal-bunker  bulkheads  are  continuous,  the  transverse  bulk- 
heads being  cut  ofi"  where  the  two  systems  cross  one  another.  This  is  a  departure  from  common 
practice,  but  has  obvious  advantages.  For  nearly  one-half  of  the  length  of  the  sliip,  where  all 
the  principal  strains  have  to  be  resisted,  and  where  the  largest  hatchways  have  to  be  cut  in  the 
decks,  the  ship's  sides  are  constructed  strictly  on  the  cellular  system,  the  inner  and  outer  skins 
being  stiffened  independently  as  well  as  strongly  connected  to  each  other  by  the  horizontal 
plating  on  deck  and  platforms,  and  by  the  vertical  transverse  bulkheads.  The  desire  to  provide 
coal-protection  for  the  engines  and  boilers  was  the  primary  cause  of  this  arrangement ;  but  it 
might  probably  be  imitated  with  advantage  in  other  classes  of  ships. 

The  outer  bottom  plating  up  to  some  distance  above  the  bilge  is  worked  in  the  usual 
manner  with  double  chain-riveted  lap  joints.  Above  this  height  the  plates  are  flush-jointed 
at  the  edges,  v/ith  continuous  single-riveted  internal  strips  ;  this  is  purely  for  the  sake  of 
appearance.  The  butts  are  all  secured  by  double  chain-riveted  straps.  It  may  be  proper  to 
state  here  that  Staffordshire  iron  rivets  are  used  throughout  the  ship,  the  sizes  being  the  same 
as  would  be  used  with  iron  plates  of  the  same  thicknesses,  but  the  pitch  being  reduced  slightly 
in  the  butt  fastenings  to  secure  sufficient  shearing  strength.  This  was  preferred  either  to  using 
larger  iron  rivets,  and  consequently  having  heavier  straps  and  laps,  or  to  using  steel  rivets. 

Kespecting  the  transverse  and  other  bulkheads  in  the  hold,  it  will  suffice  to  say  that  the 
usual  practice  is  followed  in  construction ;  the  plating  is  i  in.  and  fg  in.  thick,  with  vertical 
stiffeners  3  X  3  x  f  placed  30  in.  apart.    Single  riveted  lap  joints  are  used  in  this  work. 

Considerations  of  durability  are  really  paramount  in  the  determination  of  the  minimum 
thickness  of  plating  that  can  be  used  in  most  of  these  partitions,  and  the  gain  by  substituting 
steel  for  iron  is  comparatively  unimportant. 

There  is  nothing  in  the  deck- framing  which  needs  to  be  described ;  but  it  may  be  interesting 
to  summarise  the  arrangements  of  the  deck  plating : — 

Upper  Deck. — A  partial  steel  deck  (f  inch)  on  each  side,  about  8  ft.  wide  amidships, 
forming  a  top  to  the  coal  bunker ;  before  and  abaft  the  bunkers 
this  plating  is  gradually  tapered  to  a  stringer  about  4  ft.  broad. 

Lower  Deck.— A  stringer  plate,  30  in.  wide,  and  |  in.  thick. 


136      THE  STEUCTUEAL  AEEANGEMENTS  AND  PEOPOETIONS  OF  H.M.S.  "lEIS." 


Platforms. — Before  and  abaft  double  bottom  (watertight)  ^  in.  plating.    In  coal  bunker 
in.  plating. 

The  butts  of  all  the  longitudinal  tie-plating  are  carefully  strapped,  and  double  chain 
riveted. 

The  framing  of  the  extremities  calls  for  very  few  remarks.  A  bar-stem  (iron)  is  used, 
and  the  bow- framing  is  of  the  ordinary  character.  At  the  stern  the  only  unusual  features  are 
consequent  upon  the  extreme  fineness  of  form.  In  order  to  decrease  the  labour  of  building 
and  the  volume  of  internal  spaces  requiring  to  be  filled  in  with  cement,  the  bar-keel  is  ended 
about  30  ft.  before  the  sternpost.  Tlie  true  keel  from  that  point  is  really  a  flat  plate  turned 
upwards,  and  carried  along  about  6  ft.  above  the  height  of  the  under  side  of  bar  keel  produced. 
The  space  between  the  flat  keel  and  the  base  line  is  made  good  by  means  of  an  external  centre- 
plate,  having  double  angle  irons  on  the  upper  and  lower  edges,  and  wood  chocks  bolted  to-  the 
sides,  with  frequent  bracket-stiffeners  in  steel.    Fig.  7,  Plate  XL,  illustrates  these  details. 

In  the  Iris,  owing  to  her  great  power  and  fine  form,  the  length  of  external  shaft  tubes  is 
about  50  ft.-  Each  tube  is  supported  by  two  struts  or  A-frames  ;  and  the  attachment  of  these 
to  the  hull  has  been  satisfactorily  arranged  with  only  trifling  additions  to  the  framing  proper. 
Fig.  7  illustrates  this  feature.  Under  the  very  severe  and  repeated  tests  consequent  upon  the 
long  series  of  steam  trials  there  has  not  been  the  least  indication  of  weakness  or  want  of  rigidity 
at  the  after  part,  or  indeed  at  any  part  of  the  ship.  Another  illustration  of  the  possibility  of 
meeting  great  local  strains  by  comparatively  small,  but  judiciously  applied  additions  to  the 
ordinary  framing,  is  supplied  by  the  engine-bearers  of  the  Iris.  Fig.  8  shows  their  general 
arrangement,  and  any  detailed  description  is  unnecessary. 

It  is  now  about  two  years  since  the  Iris  was  launched  at  Pembroke.  She  has  not  yet  been 
tried  at  sea,  except  on  the  short  passage  from  Pembroke  to  Portsmouth,  but  in  trials  under 
way,  repeated  dockings,  and  under  various  conditions  to  which  a  ship  is  subjected  while 
incomplete  in  a  dockyard,  she  has  shown  herself  perfectly  successful  in  resisting  local 
strains.  As  to  her  capacity  for  resisting  the  principal  strains  to  which  a  ship  at  sea  is 
subjected,  there  can  be  no  question.  Her  transverse  strength  is,  as  has  been  shown, 
exceptionally  great.  As  to  her  longitudinal  strength  the  following  facts  may  be  stated.  When 
floating  in  still  water  she  is  subjected  to  hogging  moments  throughout  her  length.  Fig.  20, 
Plate  IX.,  shows  tiie  curves  of  weight,  buoyancy,  loads,  shearing  forces,  and  bending  moments 
constructed  in  the  usual  manner.  The  maximum  hogging  moment  in  still  water  is  19,000  foot 
tons,  or  about  equal  to  l-58th  of  the  product  of  the  displacement  by  the  length.  To  this  bending 
moment  there  corresponds  a  maximum  tensile  strain  on  the  upper  deck  of  'i^  tons  per  square  inch. 
Further,  if  the  Iris  is  supposed  to  be  balanced  instantaneously  on  the  crest  of  a  wave  of  her  own 
length  (300  ft.)  and  15  ft.  high,  her  conditions  of  strain  become  modified,  as  shown  in  Fig.  20. 
The  maximum  hogging  moment  is  then  38,000  foot  tons  (1 -29th  of  the  product  of  displacement 
into  length).  To  this  bending  moment  there  corresponds  a  maximum  tensile  strain  on  the  upper 
deck  of  about  five  tons  per  square  inch,  or  less  than  one-fifth  of  the  ultimate  strength  of  the 
material.    This  is  an  eminently  satisfactory  result.    The  neutral  axis  for  hogging  is  about 
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52-lOOths  of  the  depth  of  the  ship  amidships  below  the  upper  deck  at  the  side,  so  that  the  compres- 
sive strains  on  the  bottom  do  not  exceed  a  maximum  of  4-6  tons  per  square  inch.  It  is  interest- 
ing to  notice  in  passing  that  the  maximum  hogging  moments  of  the  Iris  in  still  water  and  on 
the  wave  crest  bear  to  one  another  a  ratio  differing  from  that  of  the  corresponding  moments 
for  any  ship  subjected  to  hogging  strains  only  in  still  water,  of  which  the  curves  of  weight, 
buoyancy,  &c.,  have  yet  been  published.    Comparing  her  with  the  Minotaur,  for  example  : — 

Maximum  hogging  moment, 

Instill  f  Minotaur   displacement  x  Length  88 

water    (  Iris        ....       ....       ....  58 

On  wave  f  Minotaur....       ....       ....  ,,  28 

crest    I  7m       ....       ....       ....  „  ,,  29 

It  is  not  necessary  to  discuss  the  differences  in  the  distribution  of  weight  and  buoyancy, 
and  in  the  forms  of  the  ships  which  produce  these  results,  as  the  corresponding  curves  for  the 
Minotaur  are  before  the  public. 

The  Iris  is  now  practically  complete,  and  her  weight  of  hull  has  been  ascertained.  It 
amounts  to  about  38^  per  cent,  of  the  load  displacement,  all  the  fittings  being  included.  On 
investigation  it  is  found  that  the  saving  effected  by  using  steel  instead  of  iron  may  be  said  to 
be  about  12  per  cent,  on  the  weight  of  hull,  or  about  175  tons.  This  saving  renders  possible 
a  large  proportionate  addition  to  the  coal  supply.  The  distribution  of  the  weights  in  this  vessel 
is  as  follows  when  expressed  as  percentages  of  the  displacement  : —  Per  cent. 

Hull    38-5 

Eigging,  armament,  stores,  and  general  equipment    13'5 

Engines,  Boilers,  &c   ....       ....       ....       ...       ....       ....  28* 

Coals    20- 

100- 


The  percentage  for  weight  of  hull  will  probably  seem  high  to  gentlemen  conversant  only 
with  merchant  ship  construction  ;  and  it  may  be  well  to  remark  that  in  a  war  ship,  carrying 
guns  and  torpedoes,  minutely  divided  into  watertight  compartments,  and  elaborately  fitted 
throughout  with  reference  to  her  special  service,  a  large  amount  of  weight  is  charged  to  the 
hull,  to  which  there  is  nothing  corresponding  in  the  merchant  ship.  The  fairest  method  of 
estimating  the  saving  of  weight  effected  by  using  steel  is,  therefore,  that  I  have  adopted — com- 
paring the  7ns  with  another  iron-built  war  ship  of  nearly  the  same  dimensions  and  displace- 
ment. But  it  may  be  interesting  to  add  that  in  looking  through  the  details  of  weights  for  the  Iris 
I  find  that  over  200  tons  of  materials  have  been  worked  into  the  hull  for  fittings,  subdivisions, 
&c.,  not  required  in  a  merchant  ship,  and  if  this  weight  be  deducted,  the  hull  absorbs  only 
about  32  per  cent,  of  the  displacement,  and  it  could  be  built,  no  doubt,  with  that  weight  of 
sufficient  strength. 

As  a  matter  of  interest  only,  illustrating  the  vastly  different  conditions  under  which  a 
torpedo  boat  is  driven  at  a  speed  equal  to  that  of  the  Iris,  the  following  table  is  given  : — 

B 
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Hull    ...    38  N      per  cent. 

Equipment  and  coals  ....       ....       ....       ....     22  (        of  the 

Engines,  boilers,  &c   ...       ....     40  j  displacement. 

100 

To  drive  the  Jns  at  her  full  speed  of  18-6  knots  on  the  measured  mile  about  2-3  I.H.P.  per 
ton  of  displacement  were  required.  In  the  torpedo  vessel  over  14  I.H.P.  per  ton  are  expended. 
The  Iris  is  a  sea-going  ship,  fully  equipped,  and  capable  of  steaming  nearly  7,000  knots  at  a 
speed  of  10  knots  on  her  own  coal  supply  ;  but  the  torpedo  vessel  is  in  ^no  sense  sea-going, 
and  carries  only  a  limited  coal  supply  and  equipment. 

The  Iris  gains  upon  the  torpedo  vessel  in  these  various  particulars,  chiefly  because  of 
her  much  greater  size,  but  when  she  is  compared  with  other  fast  sea-going  steamships  her  size 
is  very  moderate,  and  her  speed  is  much  in  excess,  in  consequence  of  which  the  expenditure  of 
power  in  proportion  to  displacement  is  unusually  great.  This  statement  is  not  likely  to  be 
questioned  by  anyone  fam^iliar  with  steam-ship  design.  The  length  of  the  Iris  is  also  very 
moderate  when  considered  in  relation  to  her  maximum  speed  ;  but  it  is  necessary  to  remember 
that  she  has  absolutely  no  straight  of  breadth  amidships,  and  consequently  has  as  great  a 
length  of  entrance  and  run  as  many  merchant  steamers  80  ft.  or  100  ft.  longer  than  herself. 
This  is,  no  doubt,  much  in  her  favour  when  steaming  at  speeds  approaching  her  maximum. 

No  sea-going  merchant  steamer  having  realised  the  measured-mile  speed  of  the  Iris,  I 
cannot  illustrate  the  matter  by  comparing  their  performances  with  hers.  But  turning  to  Mr. 
Froude's  paper  "  On  the  Comparative  Eesistances  of  Long  Ships  "  in  the  Transactions  for 
1876,  and  having  regard  to  the  experiments  on  the  model  of  the  Merhara  (built  by  the 
Messrs.  Denny)  a  comparison  may  be  made  between  her  probable  performance  if  driven  at  18 
knots  by  twin-screws  and  that  of  the  Iris — 18  knots  being  about  the  full  speed  which  the 
Iris  may  be  expected  to  attain  when  fully  laden.  For  a  speed  of  18  knots,  Mr.  Froude  gives  : — 

Eesistance  of  Merlcara  (about)       ....       ....       ....    =  70,000  lbs. 

Corresponding  effective  horse-power         ...        ....    =    3,870  H.P. 

This  is  for  the  naked  hull :  if  she  had  twin-screws,  the  external  struts  and  tubes  would  cause 
an  increased  resistance,  which  would,  however,  be  more  than  counterbalanced  by  the  greater 
efficiency  of  the  twin-screws.  Using  our  data  for  the  Iris  in  order  to  pass  from  the  nett 
effective  horse-power  of  the  Merkara  to  her  probable  indicated  horse-power  for  18  knots,  I 
find  that  the  ships  compare  about  as  follows,  when  the  Merkara  is  brought  to  the  actual 
load  displacement  of  the  Iris  : — 

Merhira  (probable)    8,500  I.H.P. 

Iris  (actual)    ....       ....       ....       ....       ....       ....    7,500  „ 

At  the  measured  mile  the  Merkara  attained  13  knots  with  2,000  I.H.P.  when  driven  by  a 
single  screw  ;  and  the  Iris,  although  of  690  tons  less  displacement  at  her  trial  draught 
(3,980  tons  as  against  3,290  tons),  required  about  the  same  power  for  an  equal  speed.  The 
Merkara  has  a  wetted  surface,  which  is  only  about  six-sevenths  the  wetted  surface  of  the  Iris, 
although  her  displacement  is  one-fifth  greater,  her  form  being  well  adapted  for  the  moderate 
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speeds  at  which  she  was  intended  to  work  ;  for  which  speeds  the  frictional  resistance,  due  to 
the  wetted  surface,  exceeds  three-fourths  the  total  resistance,  according  to  Mr.  Froude's 
estimate.  It  is  of  course  necessary  to  remember  that  the  engines  of  the  Iris  develop  less 
than  one-third  of  their  full  power  at  13  knots,  while  the  Merhara's  engines  are  at  full  power ; 
but,  allowing  for  these  differences,  the  figures  now  given  illustrate  the  influence  which 
the  length  of  entrance  and  run  have  upon  the  expenditure  of  power  at  high  speeds,  and 
show  that  absolute  length,  if  obtained  by  middle-body,  with  only  moderate  lengths  of  entrance 
and  run,  may  not  be  a  source  of  economy  at  very  high  speeds.  Mr.  Froude  has  fully  stated 
the  case  in  his  paper  pubhshed  in  the  Transactions  for  1877.  I  have  referred  to  it  only  as 
bearing  ui)on  the  dimensions  chosen  for  the  Iris. 

It  may  be  interesting  to  add  a  brief  comparison  of  the  measured  mile  performances  of  the 
Iris  and  the  Hecla  torpedo  depot  and  store-ship,  of  which  Mr.  Barnaby  gave  a  description  in  his 
paper  on  "  Armour  for  Ships,"  read  yesterday.  The  Hecla  is  392  feet  long,  39  feet  broad,  and 
on  her  trials  had  a  displacement  of  5,760  tons.  She  attained  a  full  speed  of  twelve  knots  with 
1,760  H.P.,  and  a  speed  of  8^  knots  with  645  H.P.  For  equal  speeds  the  Iris,  of  3,290  tons 
displacement,  requires  1,670  and  670  H.P.  respectively.  The  apparent  gain  for  the  Hecla  is 
very  considerable,  and  it  is  necessary  to  note  the  fact  that  she,  like  the  Merlcara,  being 
designed  for  working  at  moderate  speeds,  is  admirably  adapted  for  the  purpose,  having  a  small 
ratio  of  wetted  surface  to  displacement  as  compared  with  the  Iris,  which  is  designed  for  extra- 
ordinarily high  speed.    The  case  stands  as  follows  : — 

Sq.  ft.  of  wetted  surface. 
Hecla        ....       ....       ....       ....       ....       4-2  per  ton  of  displacement. 

Iris    6-7  ,, 

The  expenditure  of  engine  power  for  the  twelve  knots'  speed  may  be  expressed  by  the  following 
ratios  : — 

I.H.P.  Displacement.       I.H.P.  (Displacement).*      I.H.P.  Wetted  Surface. 

Hecla    -305    5-5    -073 

Iris    -507    7-5    -076 

Of  these  three  ratios  the  first  will  probably  be  considered  most  important  in  a  commercial 
sense,  but  the  third  should  not  be  omitted  from  consideration,  because  the  adoption  of  an 
extremely  fine  form,  adapted  for  very  high  speeds,  involves  the  high  ratio  of  wetted  surface  to 
displacement  which  has  been  stated  for  the  Iris.  The  foregoing  comparison  requires  to  be 
supplemented  by  other  considerations.  First,  the  engines  of  the  Hecla  were  developing  their 
full  power  for  the  speed  of  twelve  knots,  whereas  the  engines  of  the  Iris  were  developing  less 
than  one-fourth  of  their  full  power.  Secondly,  the  screws  of  the  Iris  are  adapted  to  the 
full  power  of  her  engines ;  and  for  comparatively  slow  speeds,  such  as  twelve  knots, 
this  involves  a  greater  expenditure  of  power  in  overcoming  screw-friction  than  is 
required  in  the  Hecla  to  overcome  the  frictional  resistance  of  her  screw.  Experimental  data 
for  the  Iris  enable  it  to  be  stated  that  at  twelve  knots  the  waste  of  power  on  screw-friction,  and 
on  the  constant  friction  of  the  very  powerful  engines,  amounts  to  500  H.P.  at  least,  out  of 
1,670  H.P.  indicated.    No  corresponding  data  are  available  for  the  Hecla,  hut  at  the  very 
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outside  the  corresponding  waste  of  power  in  that  ship  cannot  be  supposed  to  exceed  300  H.P. 
out  of  the  1,760  H.P.  indicated,  and  the  waste  would  probably  be  less.  Making  these 
deductions,  we  have  1,460  H.P.  for  the  Hecla  and  1,170  H.P.  for  the  Iris,  available  to  overcome 
the  other  factors  in  the  gross  resistance,  such  as  the  nett  resistance  of  the  hull,  augment  due 
to  the  action  of  the  screws,  load-friction  of  the  engines,  &c.  The  expenditure  of  this  power 
(remaining  after  the  waste  work  on  screw-friction  and  constant  friction  of  the  engines  has  been 
allowed  for)  stands  as  follows  for  the  two  ships  : — 

H.P.  Displacement.       H.P.  (Displacement). t       H.P.  Wetted  Surface. 

Hecla    -25    4-5    -06 

Iris    -35       ....       ....       5-3    -054 

These  figures  are  suggestive.  They  illustrate  the  penalty  which  a  ship  designed  for  veiy  high 
speeds  has  to  pay  when  steaming  at  moderate  speeds,  as  compared  with  a  ship  designed 
expressly  for  such  moderate  speeds.  The  latter  gains  in  having  less  powerful  engines,  less 
waste  work  on  engine  friction  and  screw  resistances,  and  less  wetted  surface  in  proportion  to 
displacement.  But,  on  the  other  hand,  if  the  forms  which  are  so  well  adapted  for  moderate 
speeds,  are  carried  out  in  vessels  intended  to  be  driven  at  very  high  speeds,  they  may  prove  very 
wasteful  of  power  as  compared  with  finer  forms,  like  that  of  the  Iris. 

In  determining  upon  the  dimensions  and  proportions  of  the  Iris  it  was  necessary  to 
consider  not  merely  possible  economy  of  engine-power,  but  her  special  requirements  as  an 
unarmoured  war-ship.  The  chief  requirements  additional  to  those  of  speed  and  coal- 
endurance  were : — 

(1)  Protection  of  the  engines  and  boilers  by  placing  them  under  water,  and  within 

the  side  coal-bunkers. 

(2)  Provision  of  sufficient  initial   stability  to  enable  the  vessel  to  be  safely 

navigated  when  her  consumable  stores  were  exhausted,  or  when  compart- 
ments had  been  bilged  in  acti-on. 

(3)  Moderate  length,  to  secure  handiness. 

These  special  requirements,  and  her  unusually  high  speed,  completely  separate  the 
design  of  the  Iris  from  that  of  the  swiftest  ocean-going  merchant  steamers,  and  render  it 
practically  useless  to  endeavour  to  argue  from  one  class  of  ship  to  the  other.  No  one  at  the 
Admiralty  would  be  disposed  to  recommend  that  the  forms  and  proportions  of  the  Iris  should 
be  imitated  on  a  larger  scale  in  the  merchant  service.  Nor,  on  the  other  hand,  does  it  seem 
probable  that  a  swift  despatch  vessel  fulfilling  the  above  requirements  could  be  built  satis- 
factorily on  the  model  of  the  existing  merchant  steamers,  having,  say,  ten  beams  in  the  length. 
These  proportions  are,  no  doubt,  well  adapted  for  merchant  steamers  carrying  heavy  cargoes, 
with  centres  of  gravity  low  down  in  the  ships,  and  freely  using  water  or  other  ballast  to 
preserve  their  stability.  But  in  a  vessel  like  the  7ns  the  vertical  distribution  of  the  weights 
is  very  different ;  and  if  an  armed  despatch  vessel  were  built  on  the  merchant  steamer  model, 
of  the  same  displacement  as  the  Iris,  but  with,  say,  ten  beams  in  the  length,  I  am  of  opinion 
that  sufficient  initial  stabihty  could  only  be  secured,  even  in  the  load  condition,  by  using 
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ballast.  This  is  the  conclusion  I  have  reached  after  a  careful  consideration  of  the  particulars 
of  many  successful  ocean  steamers,  with  which  I  have  been  favoured  by  various  gentlemen. 
Furthermore,  to  the  best  of  my  judgment  it  seems  certain  that  even  if  any  economy  of  steam- 
power  could  be  realised  in  the  longer  and  narrower  despatch  vessel  as  compared  with  the  Iris, 
the  consequent  savings  in  weight  of  machinery  and  coals,  would  be  much  more  than  counter- 
balanced by  the  weight  required  for  ballast,  and  the  additional  weight  put  into  the  hull,  if  this 
vessel  were  to  be  made  as  strong  and  as  stable  as  the  actual  Iris. 

It  may  be  said  that  the  Iris  is  unnecessarily  strong  against  principal  strains,  or  that  she 
is  unnecessarily  "  stifif "  against  heeling  forces.  In  reply,  I  need  only  say  that  with  a  few 
exceptions — such  as  the  upper-deck  plating  —  the  provision  against  local  strains  and  for 
minute  watertight  subdivision,  as  well  as  for  a  reasonable  amount  of  wear  and  tear,  has  regulated 
the  scantlings  chiefly,  and  caused  the  strength  against  principal  strains  to  be  so  ample. 
Moreover,  taking  into  account  the  differences  between  merchant-ship  and  war-ship  construc- 
tion mentioned  above,  and  the  increased  strains  incidental  to  the  adoption  of  greater  lengths 
and  greater  ratios  of  length  to  breadth,  I  am  inclined  to  believe  that  it  would  be  no  easy 
matter  to  build  a  new  and  longer  Iris  with  a  less  weight  of  hull  than  that  of  the  existing  ship, 
and  with  sufficient  strength.  As  regards  subdivision  and  "  stiffness,"  it  is  clear  that  in 
a  ship  intended  to  be  capable  of  fighting,  there  must  be  a  margin  against  loss  of  stability 
through  compartments  being  damaged  by  gun  fire  or  ramming,  which  may  reasonably  be 
dispensed  with  in  a  merchant  steamer. 

A  minor  difficulty  that  would  have  to  be  faced  in  a  narrower  and  longer  ship  of  equal 
displacement  with  the  Iris  would  be  the  stowage  of  the  hold.  This  would  require  to  be 
entirely  rearranged  as  compared  with  the  Iris,  if  the  engines  and  boilers  are  to  be  kept  under 
water.  And  accepting  the  possibility  of  doing  this  by  occupying  a  greater  length  with  the 
machinery  and  boilers,  it  will  be  evident  that  coal  protection  equal  to  that  in  the  Iris  could 
only  be  given  to  the  longer  ship  by  carrying  a  greater  weight  of  coal.  The  greater  length  of 
side  to  be  protected  necessitates  this,  or  the  acceptance  of  a  less  thickness  of  bunker  if  the 
same  weight  of  coal  is  carried  as  in  the  Iris. 

In  making  these  remarks  on  the  dimensions  and  proportions  of  the  Iris,  I  would  not  be 
supposed  to  assert  that  the  ship  is  incapable  of  improvement  in  these  respects  ;  my  sole 
object  is  to  indicate  the  special  character  of  the  service  for  which  she  was  designed,  and  the 
manner  in  which  other  requirements  have  been  met  concurrently  with  the  attainment  of  high 
speed  under  steam.  If  still  higher  speeds  were  desired  in  futm-e  vessels,  or  if  a  larger  coal 
supply  were  required,  it  is  likely  that  advantage  would  result  from  an  increase  both  in  length 
and  in  the  proportion  of  length  to  breadth.  Greater  length  is,  of  course,  advantageous  in 
decreasing  pitching  and  enabling  speed  to  be  maintained  in  a  sea-way.  On  the  other  hand, 
it  must  be  accompanied  by  some  decrease  in  liandiness,  although  this  might  have  to  be 
accepted  in  order  to  secure  higher  speed  and  greater  coal  endurance.  But  I  am  disposed  to 
think  that  all  the  requirements  in  armed  despatch  vessels  for  some  time  to  come  may  be  met 
without  approaching  the  lengths,  or  ratios  of  length  to  breadth,  now  adopted  in  many  of  the 
largest  sea-going  steamers  of  the  mercantile  marine. 
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DISCUSSION. 

Mr.  Thornycroft  :  My  Lord,  I  would  beg  to  make  a  few  remarks  upon  this  paper,  particularly  as 
I  feel  interested  in  some  of  the  statements.  The  proportion  of  weight  of  hull  and  several  other 
particulars  given  correspond  so  very  nearly  with  those  of  boats  of  my  firm,  and  the  description  given 
of  the  enduring  power  of  the  coal  supply,  that  I  should  like  to  make  a  few  observations  to  account 
for  what  I  do  not  imagine  is  meant  to  depreciate  that  endurance,  but  still  it  would  lead  one  to  believe 
that  we  can  oiily  carry  sufficient  coals  for  a  run  of  a  few  miles.  Therefore  I  beg  to  make  this 
statement,  that  in  sending  boats  from  the  Thames  to  Portsmouth,  and  from  Chiswick  to  Cherbourg, 
we  find  n'ot  the  least  difficulty  in  carrying  twice  the  amount  of  coal  required  to  make  the  voyage,  and 
in  running  from  the  Thames  to  Portsmouth  the  coal  consumption  is  about  2J  tons,  the  coal  supplied 
being  5  tons ;  and  the  speed  maintained  is  from  10  to  12  knots.  Several  French  boats  in  going  to 
Cherbourg  encountered  heavy  weather.  Of  course  heavy  weather  in  the  Channel  for  so  small  a  vessel 
meant  a  great  waste  of  coal,  but  in  those  cases  I  think  a  run  of  from  200  to  400  knots  could  be  made 
at  a  moderate  speed  with  these  vessels.  With  regard  to  Mr.  White's  paper,  it  seems  to  me  to  show  that 
the  greatest  care  has  been  bestowed  on  the  design  of  the  hull.  And  the  wide  proportions  used 
giving  such  good  results  as  to  speed  seems  (I  am  very  glad  to  believe)  to  show  that  Mr.  Froude's 
theory  as  to  the  width  of  the  ship,  a  wide  ship  with  a  small  surface,  gives  better  results  than  a  long 
ship  with  a  larger  surface.  The  comparison  of  the  Iris  and  the  Hecla,  in  which  the  fine  form  of  the 
Iris  is  somewhat  handicapped  by  the  large  friction  of  the  heavy  machinery  when  worked  at  a  low 
speed  still  giving  a  good  comparison,  is  very  interesting,  and  I  am  sure  that  in  this  paper  giving  the 
details  of  the  structure,  and  Mr.  Wright's  admirable  paper  on  the  performance  of  the  screw,  we  have 
such  excellent  information  with  regard  to  this  ship,  that  if  we  could  have  through  the  mercantile 
navy  similar  complete  information  as  to  what  Avas  really  built,  it  would  be  a  very  great  advantage  to 
everybody,  because  ships  would  thus  be  able  to  be  built  with  great  improvements.  Builders  who  were 
formerly,  no  doubt,  jealous  of  other  firms  knowing  exactly  what  they  did,  might  be  influenced  by  it, 
and  everybody  would  gain,  by  the  sound  knowledge  of  what  constitutes  a  good  ship,  being  general. 

Mr.  William  Denny  :  My  Lord,  would  you  permit  me  to  say  a  few  words,  as  Mr.  White  has 
referred  to  the  Merkara  tried  by  my  firm  ?  I  quite  agree  with  all  the  remarks  which  Mr.  White  has 
made  as  to  the  difference  between  these  vessels,  and  which  he  has  made  very  justly.  The  Merkara 
was  a  vessel  with  100  ft.  of  straight  amidships,  and  although  her  design  was  suitable  enough  for  the 
ordinary  speed  at  which  she  was  driven,  eleven  knots,  it  was  decidedly  unsuitable  for  her  being  driven 
faster,  because  her  forebody  and  afterbody  were  too  short.  Mr.  Scott  Eussell  taught  us  that  theory 
long  ago,  and  at  the  present  moment  many  of  our  speed  calculations  are  based  on  measuring  the 
length  of  the  forebody  and  the  afterbody.  I  must  acknowledge  to  Mr.  Scott  Russell  with  real  pleasure 
that  we  have  come  romid  to  that.  Mr.  Kirk  has  invented  an  ingenious  method  by  which  this  theory 
can  be  roughly  applied.  I  am  much  astonished  at  the  results  obtained  in  the  Iris  construction. 
The  thinness  of  the  material  is  something  beyond  what  I  would  have  expected,  and  I  am  sure  that  I 
may  express  the  admiration  of  builders  at  the  skill  with  which  the  Admiralty  has  done  this  work. 
Mr.  White  has  struck  the  true  key-note  of  construction  in  the  Iris  in  massed  framing.  It  resembles  the 
construction  of  the  Great  Eastern,  only  with  intermediate  framing  for  the  local  support  of  the  skin. 
Notice  those  Z  sections  of  steel — I  wish  exceedingly  that  ironmakcrs  would  roll  them  for  us  at  a 
moderate  rate — they  have  been  most  beneficently  used  there  in  distributing  the  strength  of  the  transverse 
bulkheads.  With  reference  to  steel,  I  wish  to  ask  ]\fr.  White  one  question  regarding  a  point  which 
has  arisen  between  Lloyd's  and  builders.    I  am  afraid  Lloyd's  have  got  a  little  bit  nervous  lately 
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about  steel,  and  are  a  little  too  anxious,  and  an  order  lias  been  promulgated  that  if  wo  work  a  piece 
of  steel  in  the  fire  that  it  is  to  be  annealed  afterwards,  and  wholly  annealed.  I  do  not  say  that  that 
order  is  a  bad  order,  but  it  would  have  been  Ijetter  if  it  had  Ijeen  issued  with  some  comment.  It 
will  immediately  strike  you  that  the  most  dillicult  subject  of  annealing  in  a  ship  is  the  beams.  We 
weld  in  the  beam-knees  and  finish  them.  If  we  are  to  put  the  beams  into  furnaces,  we  will  have  to 
expend  a  deal  of  money  in  making  furnaces  fit  to  hold  them.  Not  only  that,  but  I  ask  you  to  picture 
to  yourself  the  appearance  of  the  beam  when  it  comes  out.  I  would  ask  Mr.  White  to  give  us  some 
information  upon  this  point,  because  I  believe  our  friends  at  Lloyds'  are  open  to  argument  upon  it, 
and  do  not  wish  to  press  a  thing  that  would  exclude  steel  from  shiplniilding  yards.  We  are  at 
Ijresent  building  three  steamers  of  steel  to  Lloyd's  rules,  and  we  find  that  the  maximum  saving  we 
can  make  between  iron  and  steel,  building  them  to  Lloyd's  rules,  is,  roughly  speaking,  between  14 
and  15  per  cent.  That  is  actual  saving  as  between  the  scheduled  weights.  Mr.  White  says  12  per 
cent.  It  would  be  well  that  we  should  have  a  definition  of  what  the  percentage  is  taken  on.  We 
took  it  upon  the  gross  invoiced  iron  and  steel  used  in  the  hull.  T  was  wondering  whether  Mr.  "Wliite 
does  not  take  it  on  the  woodwork  in  addition.  If  he  docs,  a  totally  different  interpretation  of  the 
figures  arises,  Mr.  White  has  invited  us  to  compare  a  steamer  of  the  merchant  service  with  a 
steamer  of  the  Admiralty  service.  It  is  with  no  wish  to  depreciate  in  any  way  any  steamer  of  the 
merchant  service  that  I  wish  to  point  out  to  you  that  I  do  not  think  the  Admiralty  should  have 
taken  the  Ilccla  as  the  representative  of  a  steamer  of  the  merchant  service.  There  are  one  or  two 
points  in  her  which  would  not  be  in  an  ordinary  steamer  of  the  mercantile  service.  Of  course  there 
is  the  greater  subdivision  of  the  hull  which  is  due  to  Mr.  Barnaby,  which  greater  subdivision,  I  am 
happy  to  say,  is  spreading  in  this  country.  We  are  at  present  building  three  steamers  subdivided  in 
that  way  without  regard  to  any  special  Admiralty  wants,  but  because  we  believe  it  is  good  as  a  matter 
of  safety.  But  there  are  points  in  this  steamer  that  are  not  due  to  Admiralty  influence,  and  which 
would  not  be  found  in  an  ordinary  merchant  steamer.  Referring  to  Mr.  Barnaby's  remarks  yesterday 
on  the  height  to  which  the  coal  had  to  be  piled  up  in  the  Hecla  to  protect  the  engines,  anyone  looking 
at  those  engines,  and  knowing  their  power,  must  see  at  a  glance  that  it  is  totally  xmnecessary  that  the 
engines  should  be  so  high.  Two  cylinders  will  do  work  thoroughly  economically  up  to  3,000  or  4,000 
I.H.P.,  and  therefore  the  piling  up  of  the  coal  at  that  point  is  not  an  inherent  quality  of  a  merchant 
ship,  because  an  ordinary  merchant  ship  would  not  have  engines  with  four  cylinders  that  would  require 
the  coal  to  be  piled  up  to  anything  like  that  height.  Another  point  in  which  an  ordinary  merchant  ship 
would  come  nearer  the  Admiralty  ideal  than  the  Hecla  is  this  :  if  you  refer  to  Mr.  White's  able  Manual 
of  Naval  Architecture  (which  I  think  should  be  read  by  every  shipbuilder  in  this  country),  you  will  find 
that  one  of  the  best  portions  of  it  is  upon  the  question  of  cutting  away  the  gripe.  Mr.  White  informs 
you  that  by  doing  this  you  have  many  disadvantages  for  one  advantage,  that  being  increased  tm-ning 
power.  But  Mr.  White  has  pointed  out  that  an  increased  size  of  rudder  is  sufiicient  to  attain  this, 
and  with  the  enormous  mechanical  power  we  have,  both  hydraulic  and  steam,  there  is  no  necessity 
foi  sacrificing  the  gripe.  What  you  lose  by  cutting  away  the  gripe  of  a  ship  is,  first  of  all,  form  ; 
secondly,  you  lose  what  is  a  most  important  Admiralty  requirement,  steadiness.  The  flat  part  of  the 
gripe  is  a  great  help  in  steadying  a  ship.  Now  that  I  have  spoken  about  this  point,  I  will  touch  on 
another,  in  which  the  Hecla  is  not  a  fair  representative  of  an  ordinary  merchant  ship.  It  is  this : 
if  any  of  you  will  look  carefully  at  the  position  of  the  coal  and  the  engine  and  boilers,  you  will 
see  that  the  centre  of  gravity  of  the  total  amount  of  coal  in  that  ship  must  be  considerably  behind 
the  centre  of  buoyancy,  and  that  means  that  when  the  Hecla  goes  to  sea,  if  she  bui-ns  out  all  that 
coal,  it  will  change  her  trim  to  the  disadvantage  of  the  propeller.  That  is  a  point  which  I  think 
in  all  merchant  steamers,  or  most  of  them,  has  generally  been  considerered.    We  apply  a  longitudinal 
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metacentre  calculation,  for  "which  -^-e  owe  the  utmost  thanks  to  Mr.  Barnes,  "who  has  made  it  easily 
"workable,  and  "we  place  our  coal  in  the  ship  so  that,  if  possible,  "^^e  shall  run  on  an  even  keel 
throughout  the  voyage. 

Mr.  William  John  :  My  Lord,  Mr.  Denny  referred  to  the  centre  of  gravity  being  over  the  centre 
of  buoyancy,  I  think  he  must  have  meant  over  the  centre  of  gravity  of  the  load  "water  line,  so 
that  the  ship  should  rise  and  fall  "v\'ithout  altering  the  trim. 

Mr,  William  Denny  :  They  nearly  corresj)ond. 

Mr.  William  John:  Another  point  that  "was  referred  to  "was  the  annealing  of  steel  required  by 
Lloyd's  Registry.  Perhaps  I  may  be  allo"wed  to  explain  the  matter.  It  is  not  that  every  plate  and  every 
angle  has  to  be  annealed,  but  -^'hen  you  heat  one  end  or  corner  of  a  plate  to  flange  it,  or  anything  of 
that  kind,  you  must  heat  the  "\^'hole  of  the  plate  after'wards  to  allo"w  it  to  cool  uniformly.  The  reason 
for  it  is  this.  It  has  been  found  over  and  over  again  "with  boiler  plates  "which  have  been  heated  at 
portions  of  their  area  that  they  afterw-ards,  in  a  most  mysterious  way,  cracked  "v\dien  there  "was 
apparently  no  earthly  reason  for  their  cracking,  even  "when  men  y^eve  carrying  them  in  their  hands — 
they  have  cracked  off,  and  the  only  reason  I  have  heard  for  it  is,  that  between  the  heated  portion  and 
the  cold  portion,  there  is  set  up  a  state  of  initial  stress,  "odiich  makes  it  more  or  less  dangerous  to  use 
it  unless  it  has  been  re-annealed.  That  is  the  reason  "why  the  Committee  of  Lloyd's  have  become 
cautious — Mr.  Denny  thinks  too  cautious,  but  I  cannot  agree  with  him  in  that  opinion.  I  think  it  is 
a  necessary  caution  until  "we  kno"w  more  about  this  material.  I  "v\'ould  refer  to  one  or  two  points  in 
the  construction  of  the  Iris.  The  Iris  resembles  in  construction  some  of  the  modern  merchant  ships, 
far  more  than  most  of  the  ships  in  the  Government  service,  but  I  may  say  at  once  that  she  is 
considerably  lighter  in  scantling  than  a  ship  of  her  size  "v^'ould  be  in  the  merchant  service.  Her 
plating  is  thinner,  and  the  bottom  in  a  merchant  ship  of  her  size  would  probably  require  another 
longitudinal ;  and  in  addition  to  the  bracket  system,  which  is  four  feet  apart,  we  should  require  an 
intermediate  frame  to  give  additional  strength  and  support  to  the  outside  plating.  That  is  necessary. 
It  may  not  be  necessary  in  the  Iris.  I  do  not  wish  for  a  moment  to  say  it  is  necessary  in  the  Iris. 
The  Iris  may  not  have  to  do  the  work,  and  may  not  have  the  knocking  about  that  a  merchant  ship 
has.  For  instance,  it  is  not  at  all  an  unusual  thing  for  a  merchant  steamer  coming  out  from  Ne"W 
Orleans  to  bump  on  the  bar,  or  to  touch  the  ground  in  other  places,  and  I  think  they  require  more 
local  strength  than  is  given  to  the  Iris.  There  is  another  point  that  occurs  to  me,  which  is  this — it 
is  difficult  to  criticise  in  detail,  drawings  which  we  have  only  seen  for  a  short  time — but  some  of  the  Z 
irons,  for  instance,  and  some  of  the  angles,  are  of  sizes  we  very  seldom  meet  with  in  the  merchant 
marine  ;  and  I  think  we  should  hear  a  good  deal  of  outcry  if  they  were  put  forward  by  us,  because  they 
are  not  common,  and  we  go  as  much  as  possible  for  common  and  ordinary  sizes.  If  you  go  into  Z  irons 
and  vary  your  construction  from  compartment  to  compartment,  by  fitting  different  angles  at  the  ends  of 
the  ship  and  the  coal  bunkers,  and  again  in  the  engine  space,  you  introduce  complication  which 
leads  to  cost,  and  very  heavy  cost.  I  believe,  in  the  case  of  the  Iris,  the  cost  of  the  hull  was  some- 
thing like  ^90,000,  Now  a  merchant  ship  of  her  size  would  certainly  not  cost  for  the  hull  more  than 
about  £30,000,  with  heavier  scantlings,  and  therefore  I  cannot  help  thinking  that  the  complication  is 
unduly  costly,  although  perhaps  some  complication  is  necessary  in  a  war  ship — at  least  in  a  ship 
of  war  that  is  to  be  subdivided  as  shown  on  this  plan.  But,  obviously,  the  merchant  marine  could  not 
follow  a  construction  of  that  kind,  which  might  entail  double  or  treble  the  cost.  I  should  say  that 
possibly  and  probably  the  great  cost  of  the  Iris  would  be  due  in  part  to  the  fact  that  she  was  the  first 
ship  built  of  steel,  and  probably  the  steel  was  much  higher  in  price  then  than  it  is  now,  so  I  do  not 
wish  to  press  the  point  at  all  as  to  the  exact  figures.  But  it  is  a  fact  that  the  complications  which  I 
see  in  the  double  bottom  there,  are  more  than  we  should  find  in  a  merchant  ship,  and  I  think  if  you 
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were  to  follow  it  you  would  run  up  the  cost  in  a  way  that  merchant  ship-owners  would  not  stand. 
Then  another  point  which  occurred  to  me  when  Mr.  White  was  reading  the  paper  is  with  reference  to 
the  double  bottom,  and  the  use  the  double  bottom  is  put  to,  and  it  has  reference  rather  to  the  design 
than  to  the  construction  of  the  vessel.  We  know  that  in  a  war  ship,  where  you  have  to  carry  weights 
high,  you  must  have  more  beam  than  you  require  in  a  merchant  ship,  and  Mr.  White  has  said  in  his 
paper  that  one  of  the  reasons  for  keeping  the  beam  of  the  Iris  so  great  was  to  give  her  sufficient 
stability  when  the  vessel  was  light.  It  occurs  to  me  that  the  double  bottom  might  be  used  with 
advantage  as  a  water  ballast  tank  for  the  ship  when  she  is  in  the  light  condition,  and  you  might  be 
able  to  reduce  the  beam,  and  perhaps — I  do  not  say  you  necessarily  would — you  might  get  greater 
speed.  You  might  reduce  the  resistance,  and  reduce  the  amount  of  engine-power  required  for  driving 
the  vessel,  which  is  a  most  important  element,  because  it  affects  the  coals  and  everything  else.  I 
know  from  former  experience  in  the  Government  service  the  different  points  of  view  from  which 
a  double  bottom  is  looked  at.  A  double  bottom  is  fitted  in  a  Government  ship  almost  entirely  for 
safety.  Now  a  double  bottom  is  fitted  in  a  merchant  ship,  not  for  safety  at  all,  or  at  least  not  for 
safety  as  a  primary  consideration,  but  it  is  fitted  for  commercial  purposes,  for  the  purpose  of  water 
ballast.  I  Imow  that  the  constructors  of  the  Navy  are  perfectly  well  aware  of  the  use  to  which  water 
ballast  can  be  put.  But  it  is  well  known  that  in  the  minds  of  officers  of  the  Royal  Navy  there  is  a 
dislike  to  the  use  of  water  ballast,  and  I  do  not  think  that  water  ballast  has  ever  been  used  in  a 
Government  ship  as  it  ought  and  might  be  used,  and  as  it  is  used  in  the  merchant  marine.  There 
was  a  prejudice  against  water  ballast  in  the  merchant  marine,  but  the  commercial  advantages  of  it 
were  so  great  that  owners  compelled  their  captains  to  use  it  commonly  and  frequently  as  a  matter  of 
course,  and  the  prejudice  in  the  minds  of  naval  officers,  so  far  as  the  merchant  marine  goes,  against 
water  ballast  is  entirely  swept  away.  I  think  it  might  be  introduced  into  the  Royal  Navy,  and  that 
some  very  valuable  advantages  might  be  gained  by  a  more  extended  and  liberal  use  of  water  ballast, 
by  their  availing  themselves  of  the  double  bottoms  which  have  been  fitted  for  the  purposes  of  safety 
and  for  other  purposes. 

Mr.  J.  D'Aguilar  Samuda,  M.P.,  V.P. :  My  Lord,  I  regard  the  paper  which  has  been  read  by 
Mr.  White  upon  the  Iris  as  one  of  the  most  valuable  acquisitions  this  session.  We  can  scarcely  have 
a  more  important  subject  brought  before  us  than  is  dealt  with  in  this  paper — that  is,  the  introduction 
of  steel  upon  a  large  scale  in  the  marine,  in  this  instance  in  a  shape  which  might  be  a  type  to  start 
with,  both  for  commercial  as  well  as  for  Admiralty  purposes.  I  am  one  of  those  who  believe,  and  have 
for  a  long  time  believed,  in  the  substitution  of  steel  for  iron.  Anything  which  brings  that  carefully 
before  our  consideration,  and  especially  anything  which  brings  so  excellent  an  example  as  this  before 
our  notice,  must  have  wide  and  beneficial  results.  Now  I  may  be  permitted  in  starting  to  say  that 
generally  I  approve  entirely  of  the  description  and  construction  and  the  arrangement  of  this  ship. 
But  I  want  to  point  out  difi'erently  from  that  which  appears  to  have  fixed  the  attention  of  Mr.  White, 
and  certainly  in  opposition  to  the  observation  of  the  last  speaker,  that  I  do  not  think  steel  has  now,  or 
over  has  had,  a  fair  consideration  at  the  hands  of  Lloyd's.  I  believe  that  Lloyd's  have  never  treated 
it  in  a  proper  way,  and  I  believe  they  at  the  present  moment  do  not  at  all  realise  the  advantages  the 
public  are  being  deprived  of  by  the  course  they  are  taking.  Now  I  begin  by  stating  that  as  long  as 
twenty  years  ago  I  was  engaged  in  building  steel  ships,  and  at  that  time  one  of  the  conditions  which 
was  laid  down  by  the  Company  I  was  engaged  for,  which  was  a  general  one,  ranging  over  a 
large  number  of  vessels,  was  that  I  was  to  obtain  Lloyd's  certificates  for  the  ships  I  was  buildmg. 
A  case  arose  in  which  it  was  impossible  to  carry  out  the  conditions  that  were  required  unless  steel 
was  used.  I  did  not  hesitate  to  use  steel,  though  I  had  to  pay  for  steel  at  that  time  £50  a  ton,  and 
in  some  instances  even  ^660.    But  when  I  went  to  Lloyd's  to  enable  me  to  give  eftect  to  the  classifi- 
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cation  condition  I  had  entered  into,  and  without  considering  that  this  trouble  would  come  upon  me, 
they  resisted  the  matter  altogether,  as  being  wholly  and  entirely  beyond  their  province.  They  would 
do  nothing  with  it,  and  I  think  I  am  not  misrepresenting  them,  when  I  say,  that  the  conditions  they 
wanted  to  impose  upon  me  would  practically  have  deprived  me  of  the  power  of  building  a  ship  at  all. 
I  think  I  am  right  in  saying  that  they  wanted  to  impose  on  me  the  necessity,  although  I  should  not 
like  to  be  positive  as  to  it  now,  of  putting  exactly  the  same  thickness  of  steel  that  they  in  their  rules 
at  that  time  were  using  for  iron.  Of  course  I  was  compelled  to  disregard  Lloyd's  altogether,  and  I 
arranged  to  build  the  ship  without.  But  Lloyd's  have  acted  on  a  wrong  principle  altogether,  and  they  are 
acting  now  with  steel  vessels  upon  the  same  principle.  Now  the  wrong  principle  they  are  acting  upon 
is  this  :  ever  since  they  have  been  able  to  grow  in  the  knowledge  of  building  iron  ships,  they  have 
always  laid  down  their  rules  from  time  to  time  to  meet  the  case  of  the  worst  description  of  iron  being 
used  in  their  ships,  and  they  have  never  made  any  difference,  nor  realised  that  they  might  have 
had  a  very  considerably  better  state  of  things  existing  in  the  mercantile  navy  if  they,  instead  of 
depending  upon  brute  strength — I  will  not  say  brute  strength,  but  on  thickness,  which  did  not  give 
them  the  brute  strength  they  required — had  made  their  rules  compatible  with  improved  quality. 
I  do  not  hesitate  to  say  that  was  at  the  root  of  all  mischief  that  Lloyd's  began  with,  and  are 
keeping  to  at  the  present  time.  They  go  upon  this  principle  :  that  as  people,  for  the  sake 
of  decreasing  the  price,  will  accept  what  is  called  ship  plates — the  most  damaging  name  that 
ever  was,  and  the  most  damaging  material  that  ever  was  used  in  ships,  and  that  never  has  been 
able  to  find  its  way  into  my  yard,  or,  I  believe,  anybody's  yard  who  has  any  regard  for  the  quality 
he  puts  into  his  ships — they  take  that  as  their  standard,  they  make  every  good  ship-builder 
increase  his  thickness,  until  he  comes  up  to  the  thickness  they  require  to  be  used  of  this  bad  quality 
of  iron,  and  then,  when  you  come  to  steel,  they  make  a  reduction  in  thickness  in  steel  which 
they  think  is  sufficient,  taking  it  in  comparison  with  this  inferior  iron.  In  this  way  they 
at  the  present  moment  make  some  rule — I  think  I  am  right  in  saying  they  will  not  allow 
more  than  a  reduction  of  one-fourth  in  the  steel  compared  to  that  which  they  have  in  iron ; 
and  compared  to  the  stuff  which  they  allow  to  go  in  and  be  called  iron,  one-half  would  be 
stronger  of  the  good  cast  or  Landore  steel  made  at  the  present  day,  but  compared  with  the  good 
iron  which  people  who  know  what  they  are  about  desire  to  use  in  their  ships,  there  ought 
to  be  a  reduction  of  at  least  one-third.  I  do  not  at  all  wonder  that  in  vessels  of  this  description 
they  are  not  wishing  to  go  too  much  in  advance  of  the  time,  and  that  those  who  are  responsible  for 
the  construction  of  the  Iris  and  Mercury,  might  in  some  degree  have  limited  their  steel  in 
thickness  to  approximate  with  Lloyd's  rules.  But,  passing  from  that,  I  would  venture  to  say  there 
are  some  other  things  in  connection  with  this  vessel  which  I  wish  to  speak  about.  I  want  to  allude 
a  little  to  the  process  of  annealing  that  Mr.  Denny  called  your  attention  to.  This  annealing  process, 
again,  is  put  forward  in  a  manner,  and  with  an  authority,  which  I  venture  to  think  Lloyd's  have  no 
right  to  do.  My  impression  is  that  all  institutions  like  Lloyd's  are  bound  to  make  themselves  inspectors, 
and  not  directors.  It  is  the  greatest  mistake,  and  the  greatest  misfortune,  for  naval  architecture  when 
these  people  set  themselves  up  as  teachers.  Now  they  talk  about  annealing.  In  all  the  vessels  I  have 
alluded  to,  which  were  built  twenty  years  ago,  and  are  going  at  this  present  day  as  well  as  they  did  at 
first,  very  little  heating,  and  no  annealing,  was  used.  To  talk  about  annealing  beams  is  the  most  absurd 
thing  that  can  be  supposed.  If  a  beam  was  attempted  to  be  annealed,  instead  of  curving  in  the  direc- 
tion of  the  deck,  you  would  find  it  curving  in  exactly  the  opposite  direction.  In  bending  beams  they  are 
bent  in  the  opposite  direction  to  that  which  they  are  required  to  finish  in,  due  allowance  being  made, 
because  by  observation  and  practice  it  is  known  they  will  take  the  opposite  form,  being  pulled  so  in 
consequence  of  the  difference  in  contraction  that  takes  place  at  the  bulb  and  thin  edge.    These  you 
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are  to  put  in  the  fire,  and  destroy  that  which  you  have  carefully  arranged.  It  is  too  ridiculous  to  talk  of. 
Then  I  wish  to  say  a  word  with  regard  to  the  observations  which  have  been  made  about  double  bottoms. 
I  do  not  agree  with  them  at  all.  In  the  first  place,  allow  me  to  say  that  there  is  a  great  mistake  in 
supposing  that  advantage  is  not  taken  of  the  double  bottoms  in  ships  of  war  to  malce  the  double 
bottom  water  ballast  carrying  tanks.  I  have  myself  built  a  very  large  number  of  iron-plated  ships, 
and  in  every  single  instance  they  have  been  made  so  that  they  can  be  used  as  water  ballast  tanks,  and 
in  making  their  journeys  from  here  to  the  different  countries  they  have  been  built  for,  they  have 
almost  invariably  been  used  as  water  ballast  tanks.  But  I  consider  the  double  bottom  is  an  extremely 
scientific  and  good  arrangement.  You  do  not  increase  the  weight  you  use  in  the  ship  in  any  degree 
whatever  comparable  with  the  strength  that  you  get  by  introducing  it,  and  therefore  it  is  a  movement 
in  the  right  direction;  but  again,  if  it  appears  with  Lloyd's  to  clash  with  their  rules,  I  should  not 
wonder  if  you  find  that  it  is  interfered  with,  and  they  will  either  resist  it  altogether  or  attempt  to 
make  you  subscribe  to  some  rule,  so  that  you  shall  not  have  their  classification  if  you  adopt  it.  Now^ 
I  turn  from  this,  which  is  not  a  pleasant  subject,  but  I  think  it  is  so  important  that  I  venture  to  press 
it  on  the  meeting,  because  I  think  it  is  high  time  that  constructors  were  left  a  great  deal  more  to 
themselves  to  produce  what  they  think  right,  and  that  Lloyd's  should  confine  themselves  to  their 
legitimate  province  of  approving  what  is  good,  and  not  teaching  people  how  to  make  it  difierent  from 
what  they  desire  to  make  it  themselves.  I  want  now  to  call  Mr,  White's  attention  to  one  matter  which 
is  not  very  important,  but  I  do  it  with  a  view  of  affording  the  information,  if  he  desires  to  have  it. 
He  says,  "  No  sea-going  steamer  having  realised  the  measured  mile  speed  of  the  Iris,  I  cannot 
illilstrate  the  matter  by  comparing  their  performances  with  hers."  If  he  does  not  know  it,  I  shall  be 
very  happy  to  give  him  the  particulars.  I  myself  more  than  fourteen  years  ago  built  a  vessel  of 
the  same  size  as  the  Iris,  or  larger  even,  which  has  gone  at  greater  speed  than  the  Iris,  and  I 
shall  be  happy  to  furnish  him  with  full  particulars  so  that  he  can  make  his  calculations  and  add 
them  to  these  valuable  notes  which  he  has  been  able  to  lay  before  us.  The  name  of  the  vessel  is  the 
Mahroussee,  a  vessel  built  for  the  Viceroy  of  Egypt,  and  she  attained  on  a  measm-ed  mile  something 
like  18  and  6-lOths  knots — that  is  more  than  the  speed  which  he  speaks  of. 

Mr.  N.  Baenaby,  C.B.,  Vice-President :  My  Lord,  I  think  the  difficulty  with  regard  to  the 
annealing  of  steel  may  perhaps  be  got  over  in  the  case  of  the  beams  if  the  builders  will  be 
good  enough  to  work  the  beams  cold.  They  will  find,  as  we  have  found,  that  steel  will  submit 
to  a  treatment  cold  that  iron  will  not  submit  to.  We  have,  for  example,  found  that  angle  bars  of 
steel  which  were  rather  harsh  and  were  giving  us  trouble,  nevertheless  submitted  to  severe  joggling 
cold.  It  is  usual,  as  everyone  knows,  in  the  case  of  iron,  to  make  them  hot  for  that  pui*pose,  but  our 
own  practice  has  been  whenever  we  have  put  hot  work  into  steel  to  anneal  it.  What  I  want  to  say  is, 
you  will  find  if  you  take  pains  that  you  will  want  very  little  hot  work  indeed ;  that  your  plates, 
your  bars,  your  beams — everything  you  have  to  do,  if  you  like,  can  be  treated  by  you  without  your 
ever  putting  it  into  the  fire  at  all ;  and  that  is  one  of  the  greatest  advantages  of  steel.  I  must  say  I 
think  Lloyd's  are  going  cautiously  in  insisting  on  this,  that  if  you  will  put  hot  work  into  the  material 
you  should  for  the  present  anneal.  In  the  case  of  the  beam  arms  I  think,  if  Mr.  Samuda  would  make 
an  experiment,  he  would  discover  probably  that  even  if  you  did  it  hot,  which  certainly  you  need  not, 
the  amount  of  injury  done  is  so  slight  that  it  w^ould  not  need  to  be  annealed.  That  is  easily  proved, 
and  need  not  present  any  difficulties,  as  it  seems  to  me,  between  Lloyd's  and  shipbuilders.  I  should 
like  to  say  one  word  with  regard  to  a  most  important  question — namely,  the  cost  of  a  ship  hke  the 
Iris.  It  has  been  very  rightly  said  that  no  merchant  shipbuilder  could  iindertake  to  build  ships  in 
the  way  in  which  this  ship  has  been  built ;  but  her  great  cost  is  not  due  so  much  to  the  kind  of  work 
which  you  see  in  the  bare  hull,  it  is  due  to  the  fittings:  and  I  can  appeal  to  Mr.  Harland's  experience 
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in  that  matter  with  the  Hecla.  The  Hecla  was  bought  by  the  Admiralty  for  a  sum,  inchidiug  her 
engines  and  an  outfit,  not  exceeding  much  the  cost  of  the  hull  of  the  Iris,  but  he  had  to  put  a  certain, 
amount  of  work  in,  to  bring  her  up  in  a  part  of  her  hull  to  the  completeness  required  in  a  ship 
of  war ;  and  he  well  knows  how  costly  it  was.  If  the  Hecla,  finished  as  she  would  have  been  finished 
by  Mr.  Harland,  had  been  sent  to  a  Eoyal  dockyard,  they  would  have  said,  "  You  have  sent  us  a  mere 
shell."  As  compared  with  other  merchant  ships,  she  was  a  splendid  ship  for  her  work.  In  a  ship 
of  war,  if  you  go  between  decks  you  will  see  where  the  money  goes.  There  is  no  end  to  it.  No  one 
can  cry  about  it  as  I  do,  but  I  cannot  see  the  way  out  of  it.  People  invent  a  new  mode  of  attack,  and  we 
are  obliged  to  invent  a  mode  of  defence,  and  the  new  mode  of  attack  we  are  also  obliged  to  cany.  There- 
fore the  ship  must  always  have  in  what  she  had  before,  and  we  must  take  the  new  thing  also.  Perhaps 
it  may  come  some  day,  but  at  present  I  do  not  see  how  the  end  of  the  great  expenditm-e — not  on 
structure  or  on  hull,  but  on  what  we  call  hull ;  because  it  is  for  things  connected  with  the  hull,  and 
which  are  said  by  naval  officers  to  be  indispensable  for  the  efficiency  of  the  ship  and  their  own  proper 
accommodation — is  to  come.  It  may  be  so,  but  it  is  difficult  for  a  shipbuilder  to  understand ; 
and  I  envy  those  gentlemen  who  can  produce  those  simple  and  beautiful  structures  which  we 
hear  about,  for  next  to  nothing. 

Mr.  E.  J.  Harland  :  My  Lord,  I  have  very  much  pleasm-e  in  corroborating  the  remarks  which 
have  just  fallen  from  Mr.  Barnaby  with  reference  to  the  excessive  cost  for  fittings  necessary  for  the 
various,  and  I  think  I  may  say,  multifarious,  requirements  of  Her  Majesty's  service.  With  reference  to 
tlie  hull  alone,  the  hull  in  the  merchant  service,  as  Mr.  Barnaby  has  said,  may  be  everything  that 
is  desired,  but  on  that  has  to  be  grafted  an  immense  number  of  fittings  besides  what  has 
hitherto  been  in  use  in  naval  warfare.  But  now  the  introduction  of  the  torpedo  has  introduced  a  very 
expensive  adjunct.  A  remark  was  made  in  the  early  part  of  this  morning's  discussion  with  reference 
to  the  measured  mile.  I  would  simply  say  that  I  agree  entirely  with  my  excellent  friend  from 
Scotland,  that  for  many  years  the  measured  mile  was  not  known  in  Scotland ;  it  was  a  distance  of 
sixteen  miles  on  the  Clyde,  which  was  a  very  wholesome  run  indeed.  I  could  find  no  fault  whatever 
with  that  distance.  Occasionally,  the  vessel  might  be  brought  round  a  little  earlier  than  in  strictness 
they  were  entitled  to  do,  but  that  was  the  only  little  bit  of  jockeying  that  was  introduced.  I  feel  that 
it  would  be  unfortunate  in  a  scientific  institution  like  this,  if  in  our  meetings  we  were  to  be  rather 
disposed  to  congratulate  than  to  criticise,  and  perhaps  severely,  because  a  severe  criticism,  within  the 
range  of  polite  manner  and  gentlemanly  feeling,  is  the  very  thing  that  should  be  courted  here,  and 
therefore  I  have  no  disposition  whatever  to  place  more  credit  to  those  gentlemen  who  have  given  so 
much  time  to  the  writing  of  these  papers  than  they  deserve.  They  deserve  an  immense  amount  of 
credit,  because  they  have  evidently  exhausted  the  subject  as  far  as  it  can  be  exhausted ;  but  I  feel  in 
an  Institution  like  this,  where  the  mercantile  marine  ought  at  any  rate  to  occupy  a  very  important  part 
of  the  time,  it  is  not  perhaps  well  for  us  that  we  should  dwell  too  long  or  have  too  many  papers  on 
naval  construction — that  is,  for  war  purposes — because,  after  all,  the  backbone  of  the  country  is  not  our 
war-ships,  I  hope,  but  our  merchant  ships.  Now,  some  reference  was  made  to  the  Hecla  as  being  a 
very  exceptional  merchantman.  If  the  Hecla  had  been  produced  some  years  ago  she  would  have 
been  considered  a  marvel.  I  might  almost  say  that  we  have  been  brought  to  see,  within  the  last  few 
years,  that  what  was  once  considered  to  be  an  anomaly  in  shipbuilding,  what  were  called  "  coffins,"  have 
since  proved  not  "coffins,"  but  the  life  of  the  commerce  of  the  mercantile  marine.  I  am  referring  to 
the  long  ships.  Now  the  difficulty  which  long  ships  had  to  contend  with  at  first  was  what  was  called 
their  unhandiness.  The  unhandiness  of  these  long  ships  is  a  pure  myth.  If  you  ask  any  pilot  going 
into  Liverpool  accustomed  to  these  long  ships  of  the  modern  type,  he  will  tell  you  ho  would  rather 
swing  one  of  these  ships  400  or  450  feet  in  length,  with  the  fore-foot  cut  off,  and  with  of  course  a  whole- 
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some  size  of  rudder,  in  the  tideway  of  Liverpool,  with  the  river  crammed  full  of  shipping,  than  one  100 
feet  shorter  without  the  forefoot  cut  off.  As-to  the  "  grip  "  of  a  merchant  steamer's  bow,  you  want 
nothing  of  the  kind.  The  grip  may  be  wanted  in  a  sailing  vessel,  where  leeway  is  a  question  for 
consideration.  But  what  do  you  want  with  grip  in  a  steamer  ?  The  flat  side  of  her  is  grip 
enough.  They  know  nothing  of  leeway,  and  a  little  bit  of  canvas  spread  on  her,  of  which 
the  Hcda  is  a  very  fair  type,  is  not  sufficient  to  give  them  any  leeway.  Then  as  to  the  cutting  off :  it  is 
an  advantage  in  two  ways,  quite  independent  of  the  matter  of  steering.  Now,  take  the  Iris.  I  do  not 
wish  to  draw  attention  to  that  particular  ship,  but  take  the  forefoot  of  any  modern  shaped  steamer,  and  I 
undertake  to  say  that  if  you  cut  off  so  much  of  the  forefoot  as  is  represented  on  the  Ileda,  you  will  find 
that  you  cut  off  an  amount  of  displacement  which  would  not  equal  one-fourth  or  one-fifth  of  the  amount 
of  dead  weight  on  that  forefoot.  In  other  words,  when  we  go  on  board  a  merchantman  what  do  we 
like  to  see  ?  In  the  rapid  Holyhead  steamers  the  first  thing  the  captain  did  when  he  went  aboard  was 
to  shift  all  his  anchors  off  the  forecastle  and  get  them  as  nearly  amidships  as  possible — and  why  ? 
Because  the  paltry  three  or  four  tons  of  weight  on  the  nose  of  the  ship  was  quite  sufficient  in  driving  them 
at  a  high  rate  of  speed  in  a  head  sea,  for  the  captaiH  to  know  perfectly  well,  that  that  amount  of  dead 
weight  on  the  very  nose  of  the  ship  was  objectionable.  Therefore  he  ingeniously  and  properly  shifted 
the  anchors  to  the  after-end  of  the  turtle-back,  and  arranged  for  them  to  be  let  go  there.  There  is 
far  more  weight  cut  off  the  forefoot  of  the  Hecla  than  the  weight  of  both  her  bower  anchors.  Further- 
more, if  you  take  the  fine  entrance  of  the  lower  part  of  any  merchant  steamer — if  you  look  to  the 
lines  of  that  part  of  the  ship,  you  will  at  once  say  that  they  are  needlessly  sharp.  You  have  not 
made  them  sharp  for  satisfaction  or  for  beauty,  but  it  is  merely  in  order  to  get  a  sufficiently  fine  load 
water  line ;  and  still  sticking  to  that  forefoot  being  brought  down,  you  are  inevitably  brought  into 
extremely  fine  lines  at  the  forefoot — so  fine  that  I  say  if  you  only  simply  cut  that  piece  off  you  are 
removing  a  useless  piece  of  matter  from  the  bow  of  the  ship  which  is  unnecessarily  fine  for  cleaving 
the  water,  and  is  only  so  much  iron  to  be  carried  in  the  most  objectionable  part  of  the  ship,  the 
bow,  when  she  rises  to  the  sea.  With  reference  to  the  coal  bunkers,  Mr.  Denny,  who  favoured  us 
with  so  many  very  lucid  remarks,  is  perhaps  not  aware  that  the  Hcda,  like  many  others  of  the  same 
type  of  ship,  is  so  arranged  that  she  has  what  is  called  a  coal-hole  forward  of  the  coal  shown  in  the 
bunkers.  Those  bunkers  shown  are  merely  what  are  called  the  bunkers  projjer,  but  there  is  a  coal- 
hole forward  of  those  bunkers  which  will  contain  as  much  coal  as  will  take  that  ship  out  to  New 
York  without  using  a  single  ton  of  coal  out  of  the  bunkers.  The  consequence  is  that  when  she 
goes  on  her  voyage  across  the  Atlantic,  or  a  similar  voyage,  she  lightens  herself  forward.  We  must 
not  take  the  weight  of  the  bunkers  as  proper  for  the  centre  of  the  vessel,  we  have  to  take  the  whole 
thing.  We  take  her  so  that  on  her  outward  voyage,  taking  her  own  coal  out,  she  lightens  forward. 
That  is  a  very  important  circumstance.  In  coming  home,  as  the  cargoes  pay  very  much  better  home- 
ward than  outward,  she  utilises  the  coal-hole  and  other  places  for  cai'go.  On  the  retm-n  voyage, 
whilst  she  has  the  disadvantage  of  slightly  lightening  herself  aft,  she  has  the  great  advantage  of  the 
average  of  westerly  winds  in  her  favour.  The  consequence  is  that,  like  all  things  in  Naval  Ai-chitec- 
ture,  if  the  Naval  Architect  enters  his  profession  and  follows  it  out  on  scientific  principles  simply,  he 
will  make  a  great  mistake  ;  and  if  he  follows  it  out  from  a  shipbuilder's  point  of  view,  he  will  make 
a  mistake.  He  has  to  be  scientific,  and  he  has  to  be  practical,  and  he  has  to  be  something  of  a 
merchant.  In  other  words,  the  result  of  the  whole  thing  must  be  satisfactory  to  everybody,  and 
particularly  to  the  man  who  pays  for  the  vessel  and  owns  her.  We  must  not  lose  ourselves  in  science. 
I  should  be  the  last  man  in  the  world  to  say  a  word  against  it,  but  I  think  at  the  present  time  we 
are  disposed  to  make  too  much  of  what  is  called  education.  We  are  educating  om*  children  now  above 
what  the  probability  is  they  will  ever  be  able  to  utilise  in  after  life.    A  shoemaker  educates  his  child 
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to  be  a  doctor,  or  a  barrister,  or  something  advanced,  in  place  of  teaching  him  how  to  make  the  very 
best  shoes.  I  contend  that  the  sons  of  shipbuilders  are  over-educated,  and  are  apt  to  lose  themselves 
in  figures,  because  they  are  very  apt  to  follow  the  easier  course  of  study,  having  books  and  papers 
before  them,  and  neglect  the  workshop,  and  neglect  coming  in  contact  with  those  merchants  who 
have  to  consider  most  carefully  what  class  of  ships  will  pay  the  best.  I  say  if  a  shipbuilder  does  not 
combine  in  his  profession  all  these  varied  and  sometimes  opposing  forces,  he  will  make  a  serious  mis- 
take, and  lower  the  value  of  his  profession  not  only  as  a  profession,  but  also  the  value  of  it  to  this 
commercial  community. 

The  President:  The  clock  warns  me  that  it  is  almost  time  we  should  bring  this  interesting  dis- 
cussion to  a  close  ;  but  I  cannot  call  on  Mr.  White  to  reply  to  what  he  has  heard,  without  offering  him 
my  congratulations  on  the  discussion  which  his  paper  has  elicited,  which  I  think  must  have  been 
gratifying,  and  very  justly  gratifying  to  him.  I  wish  also  so  far  to  intrude  upon  you  in  point  of  time 
for  one  moment  as  to  say  that  I  entirely  concur,  as  far  as  my  own  individual  opinion  is  concerned, 
with  regard  to  the  immense  importance  of  our  mercantile  marine  which  was  so  justly  referred  to  by 
Mr.  Harland,  in  the  able  speech  which  he  has  addressed  to  us  ;  but  I  think  Mr.  Harland  would  admit 
that  in  these  times  of  transition  in  Naval  Architecture,  it  is  only  natural  that  an  Institution  of  this 
kind  should  devote  its  attention  to  the  construction  of  ships  of  war,  and  I  hope  he  will  also  join  in  the 
opinion  which  I  myself  entertain,  that  we  cannot  come  here  and  discuss  paj)er  after  paper  day  after 
day  on  the  best  mode  of  constructing  our  ships  of  war,  and  of  varying  the  construction,  without  touch- 
ing on  scientific  principles  which  bear  not  so  directly  but  most  importantly  on  the  interests  of  the 
mercantile  marine.  I  hope  that  I  have  not  said  anything  unpleasant  to  Mr.  Harland  in  making  these 
observations  upon  his  able  speech,  and  I  hope  he  may  agree  with  me  that  in  such  a  discussion  as  we 
have  just  heard,  we  are  really  promoting  the  interests  of  Naval  Architecture  at- large,  whether  aj)plied 
to  merchant  ships  or  ships  of  war. 

Mr.  W.  H.  White  :  My  Lord,  Mr.  Harland  thoroughly  expressed  the  feeling  which  I  have  when 
he  said  that  in  an  Institution  like  this  we  should  have  more  papers  bearing  on  the  mercantile  marine. 
I  think  the  Secretary  will  bear  me  out  in  the  statement,  that  this  session,  there  has  been  great  diffi- 
culty in  getting  any  such  papers  ;  and  I  may  say  in  personal  explanation  that  I  should  have  been  very 
glad,  pressed  as  I  was  with  other  work,  not  to  have  undertaken  the  preparation  of  this  paper,  but  when 
it  was  found  in  preparing  the  programme  that  gentlemen  from  the  mercantile  marine  did  not  come 
forward,  then  the  Admiralty  and  Lloyd's  were  applied  to  to  see  if  papers  could  be  obtained  to  give  some 
information  of  general  interest.  I  should  be  only  too  glad  to  have  the  opportunity  of  studying  in 
detail  the  performance  of  those  wonderful  vessels  which  Mr.  Harland's  firm  has  constructed.  I  have 
often  thought,  if  the  performances  of  the  series  of  vessels  of  the  Ilhjrian  type,  of  which  the 
length  was  gradually  increased  by  adding  certain  proportions  of  the  beam,  could  only  be  put  down 
in  detail,  we  should  get  a  complement  to  Mr.  Froude's  experiments  on  the  effect  of  straight  of 
breadth  which  would  be  most  instructive.  Once  or  twice  I  have  been  on  the  point  of  writing  to  Mr. 
Harland  myself,  to  ask  for  the  facts,  but  I  have  never  yet  mustered  the  courage  to  do  so,  but  I  will 
accept  with  gratitude  Mr.  Samuda's  offer  of  the  particulars  of  that  very  fast  ship  he  spoke  of.  I  believe 
I  am  right  in  saying  she  was  a  yacht,  and  of  course  in  that  respect  differed  from  the  Iris,  which  is  a 
self-sustaining  ship  of  war.  I  do  not  wish  to  raise  the  question,  but  I  shall  be  most  grateful  to  Mr. 
Samuda  for  the  data  if  he  will  give  me  them.  Then  with  regard  to  Mr.  Thornycroft's  remarks  on 
torpedo  boats,  I  was  thoroughly  aware  of  their  enormous  steaming  capacity  at  moderate  speeds,  but 
what  I  meant  when  I  said  that  they  were  not  sea-going  was  in  the  sense  of  their  being  self-support- 
ing, carrying  an  equipment  such  as  the  Iris  would,  which  is  a  vessel  which  could  be  absent  from 
port  for  many  months,  except  when  requiring  coal.    That  is  the  sense  in  which  I  meant  sea-going, 
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not  simply  as  measured  by  the  power  of  steaming  long  distances  at  moderate  speeds.  I  am  fully 
aware  of  what  Mr.  Thornycroft  has  achieved,  and  I  admire  most  thoroughly  what  he  and  Mr.  Yarrow 
have  both  shown  can  be  done  as  to  high  speeds  in  vessels  of  a  small  size.  Mr.  Denny's  question  as 
to  steel  Mr.  Barnaby  has  answered,  and  I  think  Mr.  Denny  was  satislied  with  that  explanation. 

Mr.  W.  Denny  :  There  is  one  difficulty,  which  is  this,  that  in  turning  down  the  end  of  the  beam 
you  require  to  weld  in  a  piece. 

Mr.  White  :  Perhaps  I  may  be  permitted  to  add  to  Mr.  Barnaby's  explanation  by  saying  that  our 
own  practice  has  not  been  to  anneal  the  whole  beam  in  all  cases.  That  is  the  point  which  you  are  more 
particularly  considering.  Then  as  to  how  the  percentages  were  taken  for  the  saving  in  weight  of  the 
hull.  Mr.  Denny  was  quite  right  in  supposing  that  I  expressed  the  percentage  on  the  footing  of  the 
total  weight  of  the  hull.  Mr.  John  remarked  that  by  using  water  ballast  in  the  double  bottom  perhaps 
there  might  have  been  a  diminution  of  her  resistance  if  her  breadth  were  decreased.  I  only  wish  that 
Mr.  Barnaby,  the  responsible  designer  of  the  ship,  had  said  what  the  history  of  the  design  was;  but,  as 
a  matter  of  fact,  the  Iris  had  her  beam  increased  for  the  purpose  of  lessening  her  resistance,  and  she 
gained  in  stiffness,  because  of  the  proportions  accepted  to  decrease  the  resistance — that  is  to  say,  for 
stiffness  we  could  have  accepted  a  less  extreme  beam  than  was  adopted  for  the  purpose  of  lessening 
the  resistance.  That  is  the  matter  of  fact.  The  Iris  as  she  stands  is  a  stiffer  ship  than  one  might 
expect.  There  is  no  doubt  she  has  a  metacentric  height  in  a  loaded  condition  of  over  3  feet.  I 
want  to  draw  attention  to  the  fact  that  in  the  Paper  I  speak  of  the  stiffness  as  it  affects  the  margin  of 
safetj- — the  ship  has  to  be  knocked  about  and  partly  damaged,  and  the  better  she  starts  in  stability 
the  better  chance  she  has  of  sustaining  stability.  Now  one  thing  more.  The  Iris  is  a  ship  that  has 
to  turn  at  a  great  speed.  Anybody  who  has  looked  into  the  question  of  turning  at  a  great  speed  will 
know  that  as  you  increase  the  speed  of  the  ship  with  a  good  metacentric  height,  you  get  a  consider- 
able angle  of  heel  in  the  turning.  That  is  another  reason  why  the  Iris  should  have  good  beam. 
The  use  of  double  bottom  spaces  for  water  ballast  in  the  Iris  would  be  of  no  service.  We  do  not 
want  the  water  ballast.  We  have  the  means  of  using  it  in  the  Iris,  because  we  have  a  system  of 
flooding  and  pumping  out  the  double  bottom,  and  if  it  were  needed  it  could  be  used  for  the  purpose 
of  trimming  or  stability.  Then  as  to  the  cost  of  hull,  Mr.  Barnaby  has  fully  explained  that,  with  one 
exception.  He  did  not  mention  a  thing  which  Mr.  John  himself  mentioned,  and  it  is  an  important 
matter — that  is,  that  the  price  of  mild  steel  now  is  very  different  from  what  it  was  when  the  steel  for 
the  Iris  had  to  be  purchased.  In  fact,  the  mercantile  marine  is  now  reaping  the  benefit  of  the  policy 
which  Mr.  Barnaby  so  ably  advocated  here  some  five  years  ago,  which  led  to  the  use  of  steel  in  the  hull 
of  the  Iris.  As  to  the  angle  bars  (and  this  is  a  matter  of  detail),  Mr.  John  properly  pointed  out  that 
these  bars  are  of  large  size.  We  have,  in  fact,  greater  choice  of  size  in  the  Royal  Navy  than  perhaps 
the  mercantile  shipbuilder  would  have.  We  have  adopted  the  system,  as  regards  both  steel  plates 
and  bars,  of  specifying  the  weights  by  either  units  of  length  or  units  of  area,  and  the  manufacturers 
work  to  these  units  with  the  greatest  ease.  Of  course  with  the  same  sized  flanges  you  may  have 
angles  rolled  thinner  or  left  thicker,  and  so  get  a  varying  weight  per  foot.  Lastly,  as  to  the  resem- 
blance in  structural  arrangements  between  the  Iris  and  the  modern  merchant  ship,  I  think  that  is  a 
matter  for  congratulation.  It  shows  that  those  who  have  given  most  attention  to  the  matter,  both  in 
the  Admiralty  and  outside  it,  have  come  to  the  same  conclusion — that  if  you  want  to  get  the  greatest 
advantage  out  of  steel  that  can  be  got  from  it,  you  must  use  the  stronger  material  in  less  thickness 
and  prevent  buckling  and  local  strains  by  an  efficient  means  of  support.  I  think,  my  Lord,  those 
are  all  the  points  which  I  wish  to  mention.  I  am  extremely  obliged  for  the  kind  opinions  which 
have  been  expressed  on  the  Paper,  and  I  hope  it  may  be  of  some  service. 
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In  a  paper  read  before  this  Institution  in  1865,  the  late  Professor  Rankine  gave  a  complete 
theory  of  the  screw  propeller,  based  on  the  supposition  that  the  form  and  dimensions  of  the 
blades  of  the  screw  were  such  as  to  throw  back  a  complete  column  of  water.  The  distin- 
guished author  believed  that  such  was  actually  the  case  in  well-proportioned  screws,  and  no 
doubt,  the  fact  that,  in  many  cases,  the  thrust  depends  not  to  any  great  extent  on  the  actual  area 
and  form  of  the  blades,  but  mainly  on  the  disc  area,  lends  strong  support  to  the  supposition. 

The  verification,  however,  of  the  theory  in  the  case  of  the  Warrior  contained  in  the 
paper  in  question,  can  hardly  be  considered  satisfactory,  since  it  involves  the  difficult  question 
of  the  augmentation  of  the  resistance  of  the  ship  due  to  the  action  of  the  screw,  and,  besides, 
makes  assumptions  as  to  the  motion  of  the  water  at  the  stern  of  the  ship,  which  subsequent 
investigation  has  not  confirmed.  Experiments  made  since  1865 — I  refer  especially  to  those 
of  Mr.  Isherwood — had,  moreover,  led  me  to  believe  that  the  column  of  water  thrown  back 
by  a  screw  is  rarely  complete,  and  it  was,  therefore,  with  great  pleasure  that  I  found  that,  in 
a  paper  read  last  year,  Mr.  Froude  had  made  a  new  departure  in  the  subject  by  comparing 
the  action  of  a  screw  to  that  of  a  plate  advancing  obliquely  through  the  water.  The  theory 
of  Eankine  also  compares  the  screw  to  an  oblique  acting  paddle,  but,  instead  of  making  use 
of  our  independent  knowledge  of  the  pressure  on  the  blade,  it  proceeds  by  considering  a  priori 
what  the  change  of  momentum  and  quantity  of  water  acted  on  must  be,  and  fails  if  that 
water  does  not  occupy  the  whole  disc  area. 

Mr.  Fronde's  theory  of  a  revolving  plate,  if  applied  to  actual  screws  without  any 
qualification,  would  lead  to  the  conclusion  that  the  thrust  of  a  screw  of  given  speed  and  slip, 
might  be  increased  indefinitely  either  by  diminishing  the  pitch  or  by  increasing  the  blade 
area,  results  which  cannot  be  accepted.  It  becomes,  therefore  an  important  question,  to 
know  what  are  the  limits  within  which  either  theory  is  applicable,  and  to  which  theory  the 
action  of  an  ordinary  screw  propeller  most  closely  approaches.     Without  attempting  a 

*  The  column  is,  for  brevity,  throughout  this  paper  said  to  be  "  complete  "  when  all  the  water  passing 
through  the  space  swept  out  by  any  clement  of  the  blade  is  thrown  back  with  the  same  velocity. 
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complete  investigation,  it  is  in  the  hope  of  throwing  some  hght  on  this  question  that  the 
present  paper  has  been  written. 

In  passing  from  the  simple  plate  to  the  screw  blade,  we  encounter  three  distinct 
difficulties  :  (1)  The  change  from  motion  in  a  straight  line  to  motion  in  a  curve  ;  (2)  The 
change  from  a  flat  surface  to  a  curved  surface  ;  (3)  The  limitation  of  the  (quantity  of  water 
acted  on. 

In  the  straight  line  motion,  the  water  is  disturbed  at  some  distance  ahead  of  the  plate, 
whereas  when  the  direction  of  motion  is  constantly  changing,  this  can  hardly  be  conceived 
to  be  the  case.  Hence  the  disturbance  produced  by  a  plate  which  moves  in  a  curve,  resembles 
that  caused  by  a  body  when  first  set  in  motion  through  water,  and  the  pressure  on  the  plate 
must  be  altered  (possibly  increased)  by  the  curvature  of  the  path.  It  is  probable,  however, 
that  the  difference  is  not  important,  at  any  rate  for  small  values  of  the  angle  (0)  between 
the  plate  and  the  direction  of  motion,  since  otherwise  the  thrust  of  a  screw  of  given  total 
blade  area,  would  depend  on  the  number  of  blades,  to  a  much  greater  extent,  than  appears  to 
be  actually  the  case  when  all  other  things  are  equal. 

Under  the  same  circumstances,  the  curvature  of  the  plate  also  cannot  much  affect  the 
pressure.  For  let  us  suppose  the  plate  of  very  small  depth  perpendicular  to  the  plane  in 
which  the  centre  moves,  and  let  us  imagine  that  plane  folded  round  in  a  cylinder  of  given 
radius,  so  that  the  centre  line  of  the  rectangle  becomes  a  spiral  traced  on  the  cylinder,  while 
the  plate  itself  becomes  an  element  of  a  screw  blade  of  given  pitch.  The  centre  of  the  plate 
then  traces  out  a  spiral  path  on  the  cylinder,  which  will  be  inclined  at  the  small  angle  (0)  to 
the  element  of  the  blade.  The  paths  of  the  particles  of  water  relatively  to  the  element  will 
be  similar  spirals  when  undisturbed ;  while  near  the  element  they  will  deviate  from  such 
spirals,  nearly  in  the  same  manner,  and  to  the  same  degree,  as  the  plane  paths  in  the  plane 
motion  deviate  from  straight  lines.  Hence  the  quantity  of  water  acted  on,  the  change  of 
momentum  of  that  water,  and  consequently  the  pressure  on  the  element,  must  be  nearly  the 
same  in  the  two  cases.  A  complete  screw  blade  can  now  be  built  up  from  the  spiral  elements, 
and  the  thrust  determined  by  summation. 

The  third  difficulty,  that  the  quantity  of  water  acted  on  by  the  screw  is  not  unlimited  as 
in  the  plane  motion,  but  cannot  exceed  that  which  passes  through  the  screw  disc,  is  much 
more  serious  than  the  other  two,  and  compels  us  to  restrict  the  theory  to  screw  blades  of 
small  dimensions  as  compared  with  the  diameter.  For  in  order  that  the  plane  motion  may 
exactly  correspond  to  the  spiral  motion  considered  above,  we  must  consider,  not  a  single  plate, 
but  an  infinite  number  of  plates,  ranged  along  a  line  inclined  to  the  plate  at  an  angle  (6)  equal 
to  the  pitch  augle  of  the  spiral  motion,  and  placed  at  a  distance  apart  equal  to  the  circum- 
ference of  the  cylinder,  if  the  screw  have  but  one  blade,  or  at  the  distance  of  consecutive 
blades  when  there  are  more  than  one.  The  pressure  on  each  plate  will  now  be  less  than  that  on 
the  single  plate,  because  part  of  the  water  which  in  the  single  plate  is  disturbed  by  its  action, 
is  now  intercepted  by  the  plates  which  lie  in  front  of  it ;  and  thus  it  appears  to  me  that  the 
pressure  on  a  screw  blade  must  be  less  than  that  given  by  Mr.  Fronde's  method,  because  part 
of  the  water  which  would  otherwise  strike  the  blade,  and  which  is  necessary  to  develop  its 
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full  thrust  considered  as  a  revolving  plate,  is  intercepted  by  the  blade  which  lies  immediately  in 
front,  or  if  there  be  but  one  blade,  by  that  blade  itself  in  the  course  of  the  revolution  imme- 
diately preceding.  The  magnitude  of  the  deduction  will  be  greater,  the  larger  the  blades,  and 
some  idea  of  the  size  at  which  the  deduction  becomes  sensible  may  be  gained  by  the  following 
rough  method. 

Let  I  be  the  length  of  the  plate,  V  its  velocity  in  feet  per  second,  then  the  pressure  on  it 
per  foot  depth  is 

P  =  1 .  7  I  sin 

Now  imagine  each  particle  of  water  to  receive  the  same  change  of  motion  V  sin  (<^),  perpen- 
dicular to  the  plate  which  the  particles  in  contact  with  the  plate  actually  do  receive,  and  let 
feo  be  the  breadth  perpendicular  to  the  plate  which  those  particles  would  then  occupy,  or,  as 
we  may  conveniently  call  it,  the  "  breadth  of  uniform  disturbance  ;"  then,  disregarding  the 
angle  (0)  as  always  small  compared  with  {0), 

Q  =  &„V 

is  the  quantity  of  water  acted  on  per  second,  while  the  pressure  on  the  plate  becomes,  with  feet 
and  seconds  as  units, 

P  =  2     V^'  sin  f,  nearly  ; 
comparing  which  with  the  former  value  of  P, 

to  =  .  85  /, 

showing  that  the  breadth  of  uniform  disturbance  is  .  85  the  length  of  the  plate.  The  actual 
breadth  of  disturbance  is  of  course  much  greater,  and  hence  it  follows  at  once  that  if  the 
perpendicular  distance  of  two  plates  be  equal  to  .  85  Z,  a  good  deal  of  the  water  which  would 
otherwise  strike  the  rear  plate,  will  be  intercepted  by  the  front  one,  and  the  pressure  on  each 
one  of  the  row  of  plates,  will  be  sensibly  less  than  is  given  by  the  formula. 

To  transfer  this  to  the  case  of  a  screw,  let  b  be  the  aggregate  length  of  the  circular  arcs 
formed  by  the  projection  of  the  elements  of  given  radius,  of  all  the  blades  on  a  thwartship 
plane,  and  let  C  be  the  whole  circumference,  then  C  corresponds  to  the  distance  between  the 
plates  measured  along  the  line  on  which  they  are  ranged,  while  for  I  we  must  take  b  sec  0. 
Hencte  we  infer  that  the  blades  will  considerably  interfere  with  each  other  if 

C  sin  0  =  .  85  6  .  sec«; 

or, 

i  =  1  . 18  C  sin  0  cos  6> 

In  order,  therefore,  that  the  theory  of  a  revolving  plate  may  be  applicable  without  sensible 
deduction,  the  fraction  of  the  circumference  occupied  by  the  blades  must  not  be  greater  than 
1-18  sin  e  cos  e,  or  more  probably  considerably  less.  This  explains  why  Mr.  Fronde's  formula 
for  the  thrust  of  a  revolving  plate  gives  an  infinite  result,  when  the  pitch,  and  therefore  the 
pitch  angle  6,  is  diminished. 

And  if  we  increase  sufficiently  the  fraction  of  the  circumference  occupied  by  the  elements, 
I  think  it  is  clear  that  the  resulting  motion  of  the  water  must  be  nearly  such  as  is  supposed 
in  the  earlier  theory  of  Kankine.  For  if  the  row  of  plates  supposed  above,  are  placed  near 
enough  together,  all  the  water  will  move  with  the  same  velocity  after  passing  tlu'ough ;  that  is 
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to  say,  in  the  case  of  the  screw  elements,  a  liollow  cylinclrical  race  will  be  generated,  the 
velocity  of  which  will  be  found,  as  Eanldne  finds  it,  by  supposing  the  velocity  parallel  to  the 
element  unaltered,  and  the  velocity  perpendicular  to  it  destroyed.  It  is  true  that  if  we 
followed  the  water  which  strikes  any  element,  we  should  find  that  some  of  it  passes  on  the 
leading  side,  and  some  on  the  following  side  of  the  element,  and  that  therefore  the  velocity  of 
some  particles  of  water,  parallel  to  the  element,  is  nearly  reversed  while  that  of  others  is 
increased.  This  has  considerable  influence  on  the  frictional  resistance  (see  Appendix),  but 
since  the  momentum  parallel  to  the  element  cannot  be  altered,  the  change  of  momentum  must 
be  the  same  as  Eanldne  supposes,  and  hence  the  thrust  must  be  nearly  the  same.  I  see,  there- 
fore, no  reason  to  alter  the  opinion  I  have  elsewhere  expressed,*  that  this  theory,  though  not 
mathematically  exact,  is  very  approximately  so  when  a  complete  column  is  formed,  and  I  think 
it  applies  to  this  extreme  case,  with  about  the  same  accuracy  that  the  theory  of  a  revolving 
plate  applies  to  the  other  extreme  case,  where  the  screw  blades  are  supposed  very  small. 

From  what  has  been  said  it  appears  that  the  thrust  of  a  screw  will  be  less  than  that  given 
by  Mr.  Fronde's  method,  by  an  amount  which  will  be  greater,  and  greater  as  the  column 
approaches  completeness,  and  at  length,  when  the  column  is  completely  formed,  becomes  that 
given  by  Professor  Rankine's  method,  after  which  it  can  increase  no  further.  If  then  we 
equate  the  values  of  the  thrust  of  a  spiral  element,  furnished  by  the  two  theories,  we  shall  find 
the  minimum  length  of  the  element,  which  will  be  capable  of  generating  a  complete  column. 
This  length  is  expressed  by  a  fraction,  which  gives  either  the  fraction  of  the  pitch  occupied  by 
a  projection  of  the  element  on  a  longitudinal  plane,  or  the  fraction  of  the  circumference 
occupied  by  a  projection  on  a  thwartship  plane.  In  the  Appendix  it  is  shown  that  tliis  fraction 
is  given  by  the  formula. 

Of  X   1  —  q 

Fraction  of  pitch  or  circumference  =  1.18    o  ,  /-.  \2  •  7^ — , — ^  > 

r  +  (1  -  s)     (1  +  T) 

where  q  is  the  ratio  of  the  circumference  to  the  pitch,  and  s  is  the  slip  expressed  as  a 
fraction  of  the  speed  of  the  screw.  For  reasons  which  I  need  not  stop  to  point  out,  when 
5  =  0  we  get  the  formula  given  above  for  the  value  of  tlie  fraction,  at  which  the  blades 
interfere  with  each  other  considerably. 

Numerical  calculation  from  this  formula,  for  various  values  of  q,  gives  the  value  of  the 
fraction  for  each  element  of  the  blade,  and  the  results  may  conveniently  be  exhibited 
graphically,  the  several  lengths  and  arcs,  when  set  out  at  the  corresponding  radii,  forming  the 
longitudinal  and  thwartship  projections  of  a  screw  blade,  which  everywhere  satisfies  the  con- 
dition in  question.  The  diagram  shown  is  adapted  to  the  case  where  the  slip  is  25  per  cent, 
and  the  pitch  uniform,  but  the  results  are  nearly  the  same  for  all  slips  between  zero  and  50 
per  cent.  The  numbers  given  on  the  diagram  are  the  values  of  the  fraction  found  from  the 
formula,  and  refer  to  the  aggregate  length  of  the  blades,  which  theoretically  may  be  divided 
between  any  number  of  blades  arranged  in  any  manner :  in  the  diagram  the  screw  is  two- 
bladed,  and  the  values  of  q  range  from  0  to  4.    In  pi-actice,  q  would  not  be  much  greater  than 

See  "  Annual "  of  the  Royal  School  of  Naval  Ai-ehitecture  for  lb73. 
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3,  or  less  than  "75,  limits  which  are  marked  on  the  diagram,  and  which  show  the  part  of  the 
ideal  surface,  which  corresponds  to  an  actual  screw  blade  of  pitch  about  equal  to  diameter. 

We  have  thus  determined  the  form  and  dimensions,  of  the  smallest  screw  blade,  which 
could  under  any  circumstances  form  a  complete  column,  but  it  does  not  follow  that  such  a 
blade  actually  would  do  so  :  it  is  more  probable  from  what  has  been  said,  that  the  complete- 
ness of  the  column  increases  but  slowly  with  the  size  of  the  blade,  as  it  approaches  the  limit. 
It  appears  to  me,  however,  that  the  diagram  furnishes  a  sort  of  rough  indication,  of  the  degree 


9=  Circumference 


of  completeness,  in  which  the  column  will  be  formed  by  each  portion  of  an  actual  screw  blade, 
and  hence  of  the  degree  the  action  of  the  actual  screw,  approaches  either  of  the  two  extreme 
cases  considered  above. 

On  examination  of  the  diagram,  it  will  be  seen  that  the  form  is  intermediate  between  the 
common  and  the  Grilfith  screw,  but  that  the  dimensions  are  much  greater.  Like  the  Griffith, 
the  length  of  blade  is  a  maximum  for  a  pitch  angle  of  about  45",  but  the  aggregate  length  is 
then  nearly  -6  of  the  pitch,  or  fully  50  per  cent,  greater  than  that  of  the  actual  screw.  On  the 
other  hand,  the  aggregate  length  at  the  tips  of  a  screw,  the  pitch  of  which  is  equal  to  the 
diameter,  is  shown  on  the  diagram  to  be  -35,  which  differs  little  from  that  of  a  common  screw. 
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It  thus  appears  that  ortlinary  screw  propellers  do  not  form  a  complete  column,  and  that 
tlie  only  case  in  which  they  approach  doing  so,  is  in  the  outer  part  of  a  common  screw  ;  and  as 
there  is  reason  to  helieve  that  the  efficiency  of  a  screw  is  increased,  by  diminishing  its  length  at 
the  tips,  it  is  probable  that  too  great  an  approach  to  completeness  is  not  favourable  to  efficiency  : 
the  reason  of  which  may  bo  conjectured  to  be,  that  in  that  case,  increase  of  the  blade  area  in- 
creases the  thrust  much  less  than  it  increases  the  frictional  resistauces.  Another  cause,  however, 
may,  and  I  believe  often  does,  diminish  efficiency  when  the  column  approaches  completeness, 
and  that  is  the  augmentation  of  resistance  of  the  ship,  due  to  the  action  of  the  screw,  which 
may  easily  be  imagined  to  increase  as  fast  as  the  thrust,  when  too  much  water  is  required  to 
supply  the  screw. 

It  will  now  be  seen  that  in  actual  screws,  the  thrust  given  by  Mr.  Fronde's  method  must 
be  much  less  than  that  given  by  Professor  Rankine's,  while  the  actual  thrust  is  probably  less 
than  either  :  the  deficiency  in  the  second  case  for  any  part  of  the  screw  surface,  depending  as  it 
does  on  the  completeness  of  the  column,  will  be  roughly  indicated  by  the  approach  of  the  length 
of  that  part  to  the  length  of  the  corresponding  part  of  the  blade  of  mininum  area.  Considered 
as  a  method  of  determining  the  thrust  approximately,  it  is  evident  that  Mr.  Fronde's  process  is 
to  be  preferred,  and  its  errors  may  in  many  cases  be  small.  It  would  be  foreign  to  the  purpose 
of  this  paper  to  enter  on  the  question  of  frictional  resistances. 

In  writing  this  paper  I  have  purposely  confined  myself  to  theoretical  reasoning,  and  have 
not  attempted  experimental  verification.  Hardly  any  experiments  have  hitherto  been  published 
which  can  usefully  be  compared  with  theory,  in  the  present  state  of  om'  knowledge,  for  either 
they  involve  the  disturbance  of  the  water  by  the  passage  of  the  ship,  or  they  are  made  on 
screws  stationary  in  the  water  in  which  they  rotate,  in  which  case  the  conditions  are  wholly 
different.  Neither  of  these  more  complex  cases  are  likely  to  be  successfully  dealt  with,  till  the 
more  simple  case  where  the  screw  acts  on  undisturbed  water  has  been  more  thoroughly  studied. 


APPENDIX. 

Note  I. — Comparison  of  Thrusts. 

Let  d  be  the  pitch  angle,  p  the  pitch,  and  t  the  (small)  depth  of  a  spu-al  element  of  a  screw 
blade,  r  the  radius  of  the  cyUnder  on  which  it  lies,  q  the  ratio  of  the  cu'cumference  to  the 
pitch,  then 

(/  =  cot  0  =  , 

The  thrust  by  Rankine's  theory  will  be 

Tj  =  2  TT  HM-  f  r  (y  -  V ), 

where  V  is  the  speed  of  the  ship,  v  the  sternward  velocity  of  the  water  after  leaving  the  screw, 
m  the  mass  of  a  cubic  foot  of  water.  Now  if  v  be  the  speed  of  the  screw,  s  the  shp  expressed 
as  a  fraction  of  that  speed, 

r  =  v'  (1  —  s  .  sin' d] ; 
.-.      =2-111  rt  .s .  v-  (1  —  s  .  sin^  (i) .  cos*  8, 


158  ON  THE  MINIMUM  AEEA  OF  BLADE  IN  A  SCREW  PROPELLER 

which,  by  expressing  sin^  6  and  cos^  0  in  terms  of  q,  becomes 

X.^  -  Zirmi  t  .s%   .  — jyj-^Y — > 

Again,  let  h  be  the  length  of  the  arc,  formed  by  a  projection  of  the  spiral  element  on  a 
thwartship  plane,  or  if  there  be  more  blades  than  one,  the  aggregate  length  of  all  such  arcs, 
P  the  normal  pressure,  and     the  thrust  of  the  element  considered  as  a  revolving  plate ;  then 

area  of  projection     ^   _ ,  . 
area  oi  element  ^ 

where  V  is  the  velocity  of  the  element  in  its  spiral  path,  0  the  angle  that  path  makes  with  the 
element.    Now  j>  is  given  by  the  formula, 

s  tan  Q  s  q 

=  1  +  (1  _  s)  tan^  0  =  r/  +1-  s  ' 

which  shows  that  for  moderate  slips,  ^  is  always  a  very  small  angle,  its  maximum  being  for 
q  =  Vl  —  s,  when 

tan  0  =  — f  , 

For  example,  for  a  slip  of  25  per  cent.  0  is  less  than  9°. 
Hence  we  may  safely  write  tan  <p  for  sin  ^,  and  further 

V-  =      +  v'Kcot''  d  =  v''  {q-^  +  (1  -  sf}, 

whence  by  substitution  for  sin  0  and  V^,  we  find 

T.  =  1.7btsqv'\'t+SL^, 
q~  +  1  -  s 

a  formula  which  gives  the  thrust  of  the  element  in  terms  of  the  same  quantities  as  before. 

Equate  now  the  values  given  by  the  two  theories,  remembering  that  in  the  second,  the 
units  are  feet  and  seconds,  and  that  therefore  we  must  write  m  =  2  in  the  first  result :  then 
we  find 

q^+l-S    -2'^'-    {1+qJ  ^' 

which  may  be  written 

+  1  -  sy  ^  q 


=  1.18 


2  TT  /•  q^  +  {\-  sf   (1  + 

which  is  the  value  of  the  fraction  of  the  circumference,  occupied  by  the  elements,  when  the 
thrusts  are  equal. 

When  s  =  0  we  get 

—  =  1.18. =1.18  sinecosa 
2   r  1  +  5 

Now  in  the  text  this  same  result  was  obtained  on  the  supposition  of  uniform  disturbance 
just  extending  from  one  blade  to  the  next,  and  disregarding  .  The  process  in  this  note  is 
the  equivalent  calculation  when  ^  is  not  disregarded,  that  is,  when  the  slip  is  not  neglected. 
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The  following  table  shows  tlie  values  of  the  fraction,  or  what  is  the  same  thing,  the 
aggregate  lengths  of  blades  of  pitch  unity,  when  the  condition  is  satisfied  at  all  points  of  the 
blade  for  a  shp  of  25  per  cent.  Variation  in  the  slip  alters  the  result  very  little  except  for 
smaller  values  of  cot  d  than  can  be  used  practically  : — 

ScEEW  Blade  of  Minimum  Area. 


0. 

q  —  cot  0. 

Fraction. 

q  =  cot  9. 

Fraction. 

14° 

4 

•282 

45°.  40' 

•988 

•59 

isr 

8 

•352 

53° 

•75 

•555 

26° 

2 

•467 

63° 

•5 

•464 

1-  5 

•537 

76° 

•25 

•269 

38i° 

1-  25 

•5G6 

90° 

•0 

•0 

45° 

1 

•578 

Note  II. — On  the  Coefficient  of  Friction  of  the  Front  of  a  Screw  Blade. 

The  motion  of  water  in  two  dimensions  past  a  plate  set  obliquely  in  the  current,  has  been 
investigated  by  Lord  Rayleigh,  by  aid  of  a  method  invented  by  Kirchhoff.  The  solution  involves 
infinite  surfaces  of  separation,  enclosing  an  infinite  mass  of  dead  water  in  the  rear  of  the  plate, 
and  this  is  the  only  way  in  which  motion  can  take  place  without  loss  of  head.  In  fact, 
however,  the  surfaces  of  separation  are  finite,  and  enclose  eddying  water  at  the  rear  of  the 
plate,  in  consequence  of  which,  loss  of  head  takes  place.  Yet  there  is  reason  to  believe  that  in 
these  cases,  the  stream  line  motion  in  front  of  the  body  does  not  differ  much  from  the  ideal 
case,  and  hence  Lord  Rayleigh's  results  may  probably  be  applied  without  serious  error. 

Now  this  solution  shows  that  the  water  passing  a  plate  A  B  divides  into  two  streams,  one 
of  which  passes  on  the  side  A,  and  the  other  on  the  side  B ;  the  point  K  on  the  plate  where  the 
streams,  divide  being  given  by  the  equations, 

^     _  2  +  4  .  cos  ^  —  2  cos'  ^  +  (tt  —  (/))  sin  0  ^  ^ 
~  4  +  TT .  siu  0  '  ' 

2  —  4  .  cos  ^  -f  2  .  cos^  (p  +  (p  .micp 

Jd  Iv  =    .  — ;  ;  .  A  ij  , 

4  +  TT .  sm  ^ 

where  ^  is  the  (acute)  angle  which  the  plate  makes  with  the  direction  of  the  current. 

At  K  the  water  is  at  rest,  while  at  points  between  A  and  K,  or  B  and  K,  it  moves  towards 
A  or  B  respectively,  with  a  variable  velocity  which  we  call  v.  The  friction  on  the  plate  is  the 
difference  between  the  friction  on  A  K,  and  the  friction  on  B  K :  for  example,  in  the  extreme 
case  where  the  water  strikes  the  plate  perpendicularly,  the  friction  is  zero. 

Thus  if  /  be  the  ordinary  coefficient  of  friction  for  a  surface  F,  the  total  friction, 

F=/./;\.....-/./;%...... 

d  X  being  an  element  of  length  of  the  plate. 
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Evaluating  the  integrals  by  use  of  Lord  Rayleigh's  results,  we  find 

F  _ /_Y2_4.cos,^  -  (,r-  2.^)  sin,/) 

4  +  TT .  sin  ^  ■  ' 

where  V  is  the  velocity  of  the  stream,  and  therefore  the  value  of  the  virtual  coefficient  of 
friction  J''  is 

4  .  cos  0  -  (tt  -  2  0)  sin  (j,  _ 

The  numerical  value  of  h  is  found  to  be  for 

0  =  0,  10°,  20%  30°,  90°, 

k  =  1,         -760,         -576,        -434,  0, 

showing  a  rapid  diminution  as  ^  increases. 

Mr.  Froude  has  pointed  out  that  the  friction  at  the  back  of  the  blade  likewise  diminishes 
when  the  angle  exceeds  a  certain  limit,  and  states  that  his  experiments  show  a  great 
diminution  in  the  friction  as  the  angle  increases. 


DISCUSSION. 

Mr.  W.  H.  White  said :  Mr.  Cotterill  has  given  perhaps  more  attention  to  mathematical  in- 
vestigation of  the  theory  of  screw  propellers  and  their  efficiency  than  almost  anyone  except 
Mr.  Froude  and  Professor  Eankine ;  and  in  this  paper,  as  I  understand  it,  he  takes  the  two 
investigations  which  are  due  to  Professor  Eankine  and  Mr.  Froude,  and  shows  them  to  be  extreme 
cases ;  and  he  attempts  an  investigation  which  really  connects  these  two  methods,  and  shows  how  they 
are  related  to  one  another,  I  have  been  looking  for  Mr.  Cotterill's  paper  with  the  greatest  interest, 
and  I  am  sure  that  I  only  express  the  feeling  of  many  gentlemen  present  in  saying  that  it  is  a  paper 
to  be  read  quietly  and  studied  in  comparison  with  those  papers  of  Professor  Eankine  and  Mr.  Froude 
to  which  Professor  Cotterill  has  alluded.  I  am  sure  that  Professor  Cotterill  would  not  put  forward 
anything  here  which  does  not  deserve  the  most  careful  attention  we  can  give  it,  and  I  for  one  shall 
take  the  earliest  opportunity  of  making  a  study  of  the  paper. 

Mr.  J.  MacFablane  Geay  :  Mr.  White  has  expressed  exactly  my  opinion  in  this  paper. 
This  paper  is  not  in  a  suitable  form  for  reading  here.  I  think  there  really  ought  to  be  some 
arrangement  to  make  our  meetmgs  more  useful,  because  the  time  has  been  almost  wasted  with 
regard  to  most  of  us  in  listening  to  this,  no  doubt,  excellent  paper.  Those  who  know  something  of 
the  subject  to  be  laid  on  the  table  should  have  sent  to  them  before  the  meeting  takes  place, 
some  outline  of  what  the  paper  is  to  be,  as  they  do  in  the  Civil  Engineers'  Institution,  and  then  the 
discussion  would  be  a  great  deal  more  valuable.  I  hope  that  the  remarks  I  am  making  may 
have  some  influence  with  the  Council,  and  induce  them  to  make  some  arrangements  of  the  sort 
which  I  have  mentioned,  so  that  we  may  know  something  as  to  what  the  paper  is  to  be  about. 

Mr.  J.  Wright  :  I  merely  wish  to  remark  that  I  think  it  would  not  be  doing  justice  to  the 
valuable  matter  in  the  paper  Professor  Cotterill  has  given  us  if  we  were  to  attempt  to  discuss  it  now. 
As  Mr.  White  says,  it  is  a  paper  which  requires  to  be  studied.  If  these  papers  could  be  put  in  the 
hands  of  members  some  time  before  the  meeting,  as  Mr.  Macfarlane  Gray  has  said,  it  would  no  doubt 
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be  a  great  advantage.    I  think  it  is  not  altogether  the  fault  of  the  Council  that  this  is  not  done 
because  if  the  papers  were  sent  in  sooner  they  could  be  printed  and  distributed  before  the  meeting 
takes  place.    Perhaps  arrangements  can  bo  made  in  future  years  to  admit  of  this  being  carried  out. 

Mr.  J.  Scott  Russell  :  My  Lord,  I  quite  agree  that  tliis  is  a  valuable  paper,  and  I  quite  agree 
on  the  impossibility  of  giving  it  adequate  discussion  on  so  short  a  notice.  Permit  me  to  observe  that 
a  great  attempt  was  made  this  year  by  the  Council  and  the  executive  to  get  in  the  papers  as  early  as 
possible.  The  difficulties  in  the  way  of  that  are  serious,  because  the  members  have  difficult  calcula- 
tions to  make,  and  do  not  like  to  send  them  in  until  they  are  completed  ;  but  I  think  the  advantages  we 
have  had  this  year,  much  more  than  in  any  other  years,  of  getting  these  papers  printed  now,  and  the 
prospect  we  have  of  getting  our  volume  immediately,  are  so  great,  that  I  think  we  do  well  to  urge  on 
the  Council  and  the  executive  to  take  every  means  of  getting  the  papers  printed,  if  possible,  and  put 
into  our  hands  some  time  before  the  meeting,  because  it  is  quite  evident  that  we  come  here  to  give 
each  other  the  benefit  of  our  opinions  upon  those  particular  subjects,  and  we  do  not  like  to  communicate 
opinions  which  are  rashly  formed,  on  a  cursory  investigation  of  the  paper,  and  therefore  it  would  be  an 
enormous  benefit  if  we  could  get  them  earlier.  I  mention  it  here  now,  my  Lord,  so  emphatically  because 
it  is  not  the  Council  alone,  or  the  executive  alone,  that  will  enable  us  to  do  it  next  year.  It  is  the 
members  present  who  are  going  to  read  papers  next  year,  who,  if  they  would  be  kind  enough  to  send 
them  in  very  early,  would  confer  on  us  a  great  benefit.  Now,  permit  me  to  say  on  this  point  that  I  am 
myself  one  of  the  greatest  sinners,  and  I  make  that  confession  with  all  due  humility ;  but  I  join  in 
agreeing  that  the  evil  is  one  that  is  very  great,  of  gentlemen  keeping  back  their  wonderful  ideas  and 
their  elegantly  new  language  until  the  last  moment.  I  beg  to  say  that  I  think  the  paper  of  Professor 
Cotterill  most  valuable,  and  I  do  not  talk  on  the  subject,  because  I  think  nearly  everything  has  been 
already  said  that  is  worth  saying. 

The  President  :  I  think  I  may  now  ask  Mr.  Cotterill  to  address  himself  to  the  observations  that 
have  been  made,  and  I  am  very  sorry  myself,  with  many  others,  and  Mr.  Scott  Russell  in  particular, 
that  the  discussion  of  this  important  paper  should  have  been  curtailed  through  the  unfortimate  fact 
that  those  who  are  good  enough  to  send  papers  here  for  discussion,  do  not  always  send  them  in  good 
time.  It  has  been  suggested  now  in  the  course  of  this  conversation  that  the  Council  should  address 
itself  to  this  question.  The  Council  has  done  so,  and  in  the  course  of  the  present  session — only 
yesterday  morning — we  had  a  good  deal  of  discussion  on  this  subject,  and  considered  whether  or  not 
there  was  any  manner  in  which  we  could  enforce  more  strict  observances  of  our  regulations,  but  it 
was  considered  to  be  a  very  difficult  question.  There  is  one  law,  no  doubt,  that  we  could  make,  and  it 
would  be  a  very  effective  one,  which  is,  that  any  paper  not  sent  in  before  a  given  day  should  not  be 
read  at  a  meeting.  That,  I  have  no  doubt,  would  be  a  very  conclusive  sort  of  regulation,  but  the 
possible  tendency  of  it  might  be  this,  that  when  the  day  of  our  meeting  came  we  should  have  no  papers 
at  all.  I  am  afraid  that  our  friend  Mr.  Scott  Russell  has  been  known  to  be  an  offender  in  this  case. 
In  fact,  he  has  said  so  himself,  and  while  he  is  preaching  to  others,  he  himself  has  been  a  castaway. 
I  think  it  would  be  well  for  him  to  bear  that  in  mind.  I  am  glad  that  the  discussion  has  arisen 
because  everybody  who  reflects  upon  it  must  see  that  it  really  bears  upon  the  utility  of  our  proceedings 
here.  It  is  a  great  object,  one  of  our  greatest  objects,  to  have  good  discussions  on  the  papers  read, 
and  you  cannot  expect  to  have  good  discussions  on  these  difficult  and  scientific  papers  unless  the 
members  of  the  Institution  have  them  to  look  at  beforehand.  Above  all,  I  must  thank  om-  friend 
Mr.  Scott  Russell  for  the  candour  with  which  he  has  avowed  his  own  faults,  and  I  hope  I  may  add  for 
the  frankness  with  which,  like  other  naughty  boys,  he  has  said  he  will  never  do  so  again. 

Mr.  J.  Cotterill  :  My  Lord,  I  can  only  plead  guilty  to  the  charge  of  sending  my  paper  in  too 
late,  and,  like  a  naughty  boy  who  has  seen  the  error  of  his  ways,  promise  never  to  do  so  again. 

X 
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By  G.  C.  Mackrow,  Member. 

[Read  at  the  Twentieth  Session  of  the  Institution  of  Naval  Architects,  4th  April,  1879,  the  Right  Hon. 
Lord  Hampton,  G.C.B.,  D.C.L.,  President,  in  the  Chair.] 


In  the  year  1873,  when  the  Channel  Steamship  Company  applied  to  the  Thames  Iron- 
works and  Shipbuilding  Company,  to  construct  a  steamer  on  Captain  Dicey's  twin-ship 
principle,  we  endeavoured  to  obtain  some  particulars  of  previous  vessels  built  upon  this  plan, 
but  nothing  could  be  obtained  but  a  most  meagre  account  of  the  Gemini,  a  wooden  vessel 
which  had  been  built  some  thirty  years  ago,  and  had  plied  for  a  short  time  upon  the  Thames. 
Others  had  been  built  in  Scotland,  but  no  reliable  data  could  be  obtained  as  to  power,  speed, 
&c. ;  consequently  the  results  to  be  realised  in  the  new  ship  were  always  felt  by  most  concerned 
in  her  construction  to  be  of  a  doubtful  nature. 

The  vessel,  as  you  are  no  doubt  aware,  has  been  built,  and  I  have  thought  the  particulars 
of  so  novel  a  vessel,  with  a  few  remarks  upon  some  phenomena  connected  with  the  movements 
of  the  particles  of  water  about  her  hull,  should  have  a  place  in  the  records  of  this  Institution  ; 
and  the  more  so  when  I  bear  in  mind  the  fact,  that  no  system  of  construction  has  perhaps  been 
the  subject  of  so  much  criticism,  both  in  the  daily  papers  and  scientific  journals.  It  is  need- 
less to  dwell  upon  the  object  Captain  Dicey  had  in  view  in  proposing  this  type  of  vessel,  viz.,  for 
the  purpose  of  reducing  the  horrors  of  the  middle  passage  to  a  minimum,  but  let  it  suffice  to 
say  that,  having  been  a  captain  in  the  Indian  Navy,  he  had  constant  opportunities  of  witnessing 
the  behaviour  of  the  flying  proas  or  sailing  craft  of  the  Indian  Seas,  as  well  as  the  double 
canoes  of  the  South  Pacific ;  which  craft,  in  order  to  their  carrying  a  large  amount  of  sail,  have 
in  the  first  case,  a  pointed  baulk  of  timber  held  at  some  distance  from  the  vessel,  by  means  of 
two  spars,  to  act  as  a  counterpoise  when  the  wind  tends  to  heel  the  vessel,  as  seen  in  the 
model  on  the  table.  In  the  second  case,  the  natives  build  two  complete  canoes  and  connect 
them  together,  and  these  craft  skim  along  the  water  at  a  great  speed,  and  heel  but  little 
through  the  influence  of  the  wind.    (See  illustration  on  next  page.) 

From  this.  Captain  Dicey  conceived  the  idea  of  two  vessels  secured  side  by  side,  the  one 
acting  as  a  counterpoise  to  the  other,  each  in  its  turn  preventing  its  fellow  from  roUing.  The 
question  then  arose  as  to  the  desirability  or  not  of  constructing  two  complete  hulls,  or  two 
halves  of  one  hull,  and  it  was  eventually  decided  to  build  two  halves,  as  in  the  model  on  the 
table,  these  half  hulls  to  be  connected  by  a  system  of  cross  girders,  the  four  engine  and  boiler- 
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room  bulkheads  forming  the  main  transverse -girders  which  span  the  channel  between  the  two 
hulls,  and  enter  into  the  construction  of  the  hulls  from  the  keels  to  the  upper  docks,  and  the 
collision  bulkheads  at  each  end,  forming  similar  connections,  the  spaces  between  the  bulkheads 
or  transverse  girders  affording  the  passenger  cabin  accommodation.  The  CaataUa,  named 
after  Lady  Granville,  was  eventually  thus  built,  and  her  plans  and  model  I  have  the  pleasure 
to  submit  to  you.    (See  Plates  XII.,  XIII. ,  XIV.) 

The  Calais  Douvres,  a  second  vessel,  has  since  been  constructed  with  two  complete  hulls, 
without  anv  advantage,  it  would  appear,  being  derived  from  this  system  as  regards  speed,  her 


co-efficient  of  performance  being  much  lower  than  that  of  the  Castalia,  but  having  the 
disadvantage  of  throwing  the  extremities  of  the  hulls  some  18  ft.  further  apart,  thereby 
asking  for  additional  material  to  make  the  end  girders  of  equal  strength,  or  with  the  same 
material  to  have  less  strength. 

Dimensions  of  "  Castalia."  ft.  in. 

Length,  extreme    ....       ...        ....       ....       ....      290  0 

Breadth  of  each  hull    17  0 

Distance  between  the  hulls ....       ....       ....       ....       26  0 

Draught  of  water  as  designed       ....        ....        ....         6  6 

Area  of  section  of  both  hulls       ....    209-5  0 

Superstructure  168  ft.  long,  60  ft.  broad,  8  ft.  high,  affording  a  magnificent 
promenade  at  a  height  of  14  ft.  above  the  water  line. 
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The  power  of  the  engines  as  originally  designed  was  1,250  indicated  horses,  which  it  was 
hoped  by  the  promoters  would  have  given  a  speed  of  14  knots,  but  of  which  I  always  felt 
doubtful,  knowing  that  in  such  a  type  of  vessel  there  must  needs  be  a  larger  increase  of 
surface  friction  and  other  retarding  influences  not  found  in  ordinary  vessels.  I  was  not  in  any 
way  responsible  for  the  speed  or  power  of  the  engines,  as  the  contract  for  them  had  been  previously 
signed  by  Messrs.  J.  &  A.  Blyth  ;  the  Thames  Ironworks  being  contractors  for  the  construction 
of  the  hull  only.  There  are  two  pair  of  diagonal  direct-acting  engines,  one  pair  in  each  hull 
or  half  hull,  with  cylinders  462-  in.  diameter,  and  having  a  stroke  of  4  ft.  6  in. 

The  paddle-wheels  were  common,  22  ft.  diameter  over  the  floats,  and  the  floats  20  in 
number,  10  ft.  long  and  2  ft.  3  in.  wide,  with  a  dip  of  3  ft.  8  in. 

The  boilers,  as  originally  designed,  were  6  ft.  in  diameter  and  14  ft.  long,  common, 
straight-away  boilers,  with  one  furnace  in  each,  and  eight  boilers  in  all,  namely  four  pairs. 
This  arrangement  was  subsequently  altered,  at  tlie  suggestion  of  the  Company's  consulting 
engineer,  to  four  boilers,  7  ft.  diameter  and  6  ft.  long,  with  return  tubes,  and  three  furnaces  in 
each.  With  this  arrangement  probably  not  more  than  9  knots  speed  was  obtained,  as  the 
boilers  primed  so  badly  that  the  engines  could  not  be  worked  up  to  their  full  power,  though 
many  eminent  men,  the  late  Mr.  John  Penn  among  the  number,  did  their  best  to  obviate 
the  priming,  and  eventually  a  contract  was  made  by  the  Channel  Steamship  Company  with 
Messrs.  Maudslay,  Son  &  Field  for  new  boilers,  and  paddle-wheels  with  patent  floats  ;  these 
boilers,  four  in  number,  were  12  ft.  diameter,  10  ft.  2  in.  long,  and  tlie  new  wheels  were  21  ft. 
diameter  over  floats,  which  were  9  ft.  long  and  3  ft.  6  in.  wide,  with  4  ft.  3  in.  dip.  This  extra 
weight  increased  her  draft  to  7  ft. ,  and  the  results  of  the  measured  mile  trials  gave  a  mean 
speed  of  10*955  knots,  with  an  indicated  power  of  1,516  horses,  and  a  total  area  of  midship 
section  of  232  square  feet,  giving  as  her  coefiicient  of  performance  200  on  midship  section 
and  100  on  displacement,  the  lowest  I  had  ever  noted ;  and  it  is  to  seek  for  some  explanation 
of  the  cause  of  this  excessive  waste  of  power  that  I  invite  the  discussion  of  the  members  of 
this  Institution. 

Mr.  Froude,  in  his  valuable  paper,  read  here  in  the  Session  of  1877,  on  the  efiect  produced 
on  the  wave-making  resistance  of  ships  by  length  of  middle  body,  has  thrown  some  light 
upon  the  subject,  and  as  the  Castalia  had  of  necessity  a  long  parallel  middle  body,  in  order 
to  provide  sufficient  displacement,  her  bow-wave  dies  away  before  the  run  is  reached,  and  so 
the  benefit  is  lost  of  its  power  of  propulsion.  Up  to  the  time  of  Mr.  Fronde's  experiments  being 
made  public,  it  had  been  generally  accepted  as  a  theory,  that  once  a  channel  had  been  formed 
to  the  extent  of  the  largest  area  of  section,  the  power  needed  to  propel  a  vessel  with  a  given 
length  of  parallel  middle  body,  was  comparatively  small,  amounting  to  merely  that  requisite  to 
overcome  the  increased  skin-friction.  There  can,  however,  be  no  question  that  the  bow-waves 
when  formed,  falling  in  under  the  run  of  the  vessel,  very  materially  assist  in  her  propulsion. 
There  was,  however,  a  very  unlooked-for  phenomenon  noticeable  the  first  day  the  Castalia 
steamed  in  the  Victoria  Docks,  and  to  which  I  must  draw  your  attention,  as  showing  how 
mistaken  are  our  thoughts  oftentimes  of  what  we  have  not  actually  proved.  It  was  stated,  I 
believe,  by  Mr.  Reed  and  Mr.  Merrificld,  when  the  subject  of  twin  ships  was  under  discussion, 
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that  they  believed  the  water  would  be  carried  away  by  the  wheels  from  the  channel  between 
the  two  hulls  faster  than  it  would  flow  in,  and  consequently  there  would  be  a  hollow  formed 
just  before  the  wheels ;  evidently  assuming  that  the  water  would  flow  in  at  one  end  of  the 
channel  as  it  was  driven  out  at  the  other,  and  this  no  doubt  was  a  very  natural  assumption, 
but  one  that  proved  to  be  wholly  fallacious,  as  I  propose  to  show. 

Upon  the  day  of  the  Castalia  first  steaming  in  the  Victoria  Docks,  her  bows  were  placed 
against  a  jetty  on  the  north  shore,  and  the  wheels  set  in  motion,  when  a  very  strong  current  cf 
water  was  sent  across  the  whole  breadth  of  the  docks,  a  distance  of  some  400  yards,  setting 
the  vessels  rolling  over  on  the  south  shore ;  and  such  was  the  strength  of  the  current  formed 
that  the  dock  tug  was  unable  to  tow  a  vessel  across  it,  and  the  Castalia  engines  had  to  be 
stopped  in  consequence.  Now,  anyone  witnessing  the  sight  of  this  stream  of  white  foam, 
flying  like  a  millstream  from  the  after  part  of  the  wheels  across  the  docks,  would  very  naturally 
expect  to  find  a  current  of  water  flowing  in  at  the  other  end  and  eddying  round  the  stems 
from  the  outside  of  the  vessel ;  to  my  astonishment,  however,  when  I  looked  down  between 
the  hulls  at  the  fore  part,  I  found  chips  of  wood  floating  perfectly  motionless  on  the  surface 
of  the  water,  and  I  called  Captain  Dicey's  attention  to  it.  We  at  first  thought  the  engines 
must  have  stopped ;  we  ran  aft,  however,  and  found  they  were  still  working,  but  we  had  no 
means  of  seeing  that  day  what  was  taking  place  nearer  the  wheels.  Before  the  next  day  of 
steaming  we  got  a  boat  between  the  hulls,  and  Captain  Dicey,  myself,  and  the  chief  officer, 
with  a  few  others  got  into  her,  not  without  some  fears  having  been  expressed  on  the  part  of 
some  that  the  head-fast  of  the  boat  was  not  strong  enough  to  hold  us  against  the  current 
which  it  was  believed  we  should  find  as  we  neared  the  wheels  ;  and  certainly  as  we  neared  them, 
we  appeared  to  be  approaching  a  sort  of  miniature  Niagara  Falls. 

The  sequel  proved,  however,  that  there  was  not  the  slightest  ground  for  fear,  for  while 
the  engines  were  going  full  speed,  and  the  water  was  driven  at  the  rate  say  of  20  ft.  per  second 
from  the  after  part  of  the  wheel,  on  the  fore  side  up  to  the  very  point  at  which  it  was  struck 
by  the  float,  the  water  was  all  but  motionless ;  a  piece  of  batten  was  floated  up  to  within  an 
inch  of  the  float  and  returned  to  us,  was  again  thrust  towards  the  wheel,  was  struck  by  the 
float,  and  instantly  disappeared.  Now  that  the  facts  are  stated,  I  have  no  doubt  the 
members  of  this  Institution  will  at  once  see  that  this  is  what  we  ought  to  have  expected, 
for  as  the  paddle-wheels  scoop  out  the  water  a  depth  varying  from  0  at  the  surface  to 
3  ft.  8  in.  at  the  extreme  dip  of  the  float,  so  the  particles  of  water  from  below  thrust  themselves 
upwards  at  a  velocity  due  to  the  pressures  at  the  various  depths,  say  from  0  lb.  at  the  surface  to 
228  lbs.  per  square  foot  at  the  lowest  depth.  It  may,  however,  occur  to  the  minds  of  some,  that 
these  features  of  the  case  are  materially  altered  when  the  vessel  is  under  weigh,  as  in  that  case 
the  wheels  are  advancing  into  the  body  of  water  before  them  ;  but  granting  this  to  be  the  case 
the  vessel  does  not  advance  at  the  same  rate  that  the  wheels  remove  the  water,  as  their  revolu- 
tions, say  20  per  minute,  give  a  speed  of  23  ft.  per  second,  whereas  the  vessel  would  be 
advancing  only  at  the  rate  of  18  ft.  per  second.  The  deductions  I  believe,  then,  we  may 
draw  from  these  facts  are,  that  the  particles  of  water  that  rush  to  supply  those  displaced 
by  the  revolutions  of  the  wheels,  come  across  under  the  hulls  of  the  vessel  from  the 
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outside  in  a  partly  athwart- ship  direction,  and  thus  create  a  considerable  augmentation  of 
resistance. 

It  may  perhaps  be  thought  by  some  that  this  is  not  a  correct  assumption.  It  appears  to 
me,  however,  that  seeing  the  water  does  not  flow  in  from  before,  and  that  it  cannot  clearly  flow 
in  from  behind,  there  remains  but  the  sides  as  the  only  way  of  approach,  the  water  sinking 
down  from  the  surface  to  fill  up  the  vacant  space.  Another  phenomenon  noticed  upon  a  later 
occasion,  namely,  some  sawdust  thrown  down  into  the  wheels,  was  found  coming  up  from  under 
the  bottom  on  the  outside  of  the  hulls,  clearly  showing  that  the  water,  being  confined  between 
the  hulls  and  compressed  by  the  action  of  the  descending  floats,  was  carried  down  to  the  bottom 
of  the  hulls,  where  it  was  allowed  to  expand,  and  so  was  eventually  carried  across  to  the  outer 
sides  of  the  hulls,  and  then  arose  to  the  surface  of  the  water,  thus  giving  us  a  further  clue  to 
the  enormously  augmented  resistance  in  this  class  of  vessel.  Were  the  wheels  placed  on  the 
outside  these  two  objectionable  features  would  doubtless  disappear. 

This  paper  would  not,  however,  be  complete  without  a  few  words  being  said  upon  the  steer- 
ing qualities,  as  it  was  thought  by  many  competent  to  judge  of  such  matters,  that  she  would 
not  be  found  to  answer  her  helm  very  satisfactorily.  It  was  with  some  anxiety,  therefore,  that 
we  at  first  cast  ofi"  the  Victoria  Dock  tug  in  that  crowded  part  of  the  river  opposite  the  dock 
entrance,  and  put  her  under  her  own  helm.  A  few  minutes  were  sufficient  to  show  us  that  she 
was  wonderfully  under  control.  I  noticed  however,  later  on,  that  she  did  not  appear  to  pay  any 
attention  to  her  helm,  even  though  in  motion,  until  the  stream  of  water  from  the  wheels  had 
reached  the  rudder,  when  the  effect  was  most  marked.  That  is  to  say,  I  have  frequently 
noticed  that  when  she  had  some  way  on  her,  the  engines  being  stopped,  that  she  paid 
no  regard  to  her  helm  ;  but  as  soon  as  the  engines  were  started,  and  the  water  rushed 
past  the  rudder,  she  obeyed  her  helm  instantly ;  in  fact,  she  has  been  so  perfectly  under 
control  at  all  times  that  she  is  put  alongside  the  Piers  at  Dover  and  Calais  with  perfect  ease. 
I  show  a  plan  of  the  rudders  (See  Figs.  4,  5,  6,  7,  8,  9,  Plate  XIV.),  to  which  I  gave 
particular  attention,  so  many  misgivings  upon  the  subject  of  her  steering  having  been  ex- 
pressed. They  work,  yoked  together  upon  the  Rapston  slide  principle,  by  means  of  a 
Brotherhood's  engine  and  endless  chain,  one  man  being  ample  to  work  both  rudders.  Hand- 
steering  gear  is  also  provided,  in  view  of  a  possible  failure  of  the  engines. 

I  conclude  by  adding  my  own  experience  of  her  behaviour  embodied  in  a  letter  I  wrote  to 
the  Times  in  October,  1875,  which  I  need  not  trespass  on  your  time  to  read,  but  which  I 
append  with  an  outline  specification  giving  her  main  scantlings,  which  will  be  found  to  be  com- 
paratively light,  but  have  proved  to  have  been  amply  sufficient.  I  should,  however,  not  recom- 
mend any  reduction  in  the  scantlings  for  a  similar  vessel,  unless  built  of  steel  and  good  material, 
and  careful  workmanship  must  of  necessity  be  employed. 

I  append  also  a  few  particulars  of  the  Calais  Douvres  culled  from  the  public  papers, 
and  regret  I  cannot  give  more,  though  application  was  made  to  her  builders  through  Captain 
Dicey.    I  have  no  doubt,  however,  that  as  far  as  they  go  they  are  correct. 
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Dimensions  of  "  Calais  Douvreb."  ft.  in. 

Length,  extreme     ....       ....       ....       ...        ....       300  0 

Breadth     „    02  0 

Breadth  of  each  hull....  ....       ....        ...         18  3 

Distance  between  hulls       ....       ....       ....       ....         25  6 

Draft  of  water    6  74 

Area  of  sections      ....       ....       ....       ....       ....       230  sq.ft. 

Engines,  Diagonal,  direct-acting,  with — 

Cylinders  68  in.  diameter,  6  ft.  stroke. 
Wheels,  24  ft.  diameter,  over  floats. 

Floats  (feathering),  10  in  number,  10  ft.  6  in.  by  4  ft.  9  in. 
Boilers,  4  in  number,  15  ft.  diameter,  19  ft.  long,  fired  from  each  end  through  3  furnaces. 
Indicated  horse-power,  on  trial,  4,270. 
Speed  (mean),  i4  knots. 
Coefficient  on  section,  148. 


APPENDIX  A. 
ExTBACT  OF  A  Letter  TO  THE  "  TiMES,"  October  5th,  1875. 

Until  Tuesday  last  I  had  not  been  fortunate  enough  to  be  on  board  during  any  weather  that 
would  enable  me  to  form  a  judgment  of  her  behaviour  in  a  heavy  sea.  Leaving  Dover,  however,  on 
the  morning  of  that  day,  we  encountered  a  strong  gale  from  the  south-west,  which  being  "  abeam  " 
tested  her  rolling  qualities  very  fairly,  if  the  term  "  rolling  "  can  be  applied  to  her  movements.  For, 
strictly  speaking,  she  does  not  roll,  but  as  each  wave  passes,  the  windward  bull  lifts  to  it  and  falls 
again,  the  wave  passing  across  the  space  between  the  hulls  to  lift  in  turn  the  leeward  hull,  but  not  to 
set  up  a  roll,  for  if  it  were  possible  to  stop  the  next  wave  from  passing  she  would  remain  motionless, 
whereas  in  any  single-hulled  vessel  the  oscillation  set  up  would  continue  for  some  length  of  time,  and 
she  would  gradually  come  to  a  state  of  rest,  and  it  is  the  above  peculiarity  that  gives  its  chief  value 
to  this  form  of  vessel.  These  movements  of  necessity  cause  an  alteration  in  the  horizontal  deck 
platform,  but  not  more  than  three  and  a  half  degrees  on  the  above  occasion,  and  it  was  the  opinion  of 
her  able  commander.  Captain  Pittock,  that  no  weather  she  was  likely  to  encounter  on  this  station 
would  give  more  than  five  degrees  of  inclination,  the  present  steamers  rolling  fourteen  to  fifteen 
degrees.  With  regard  to  pitching  and  scending,  I  may  add  that  while  at  Calais  on  the  above- 
mentioned  day  the  wind  veered  round  to  the  north-west,  and  so  on  the  return  passage  we  had  a  strong 
sea  ahead,  into  which  the  mail  steamer  was  pitching,  taking  in  the  water  through  her  hawser  pipes  and 
over  her  bows,  sending  it  forth  in  white  sheets  over  her  waterways,  while  on  the  Castalia's  low  deck 
forward  might  be  seen  at  work  an  engineer,  repairing  a  damaged  float  nearly  the  whole  of  her 
passage,  her  oscillation  in  a  fore  and  aft  line  not  exceeding  two  and  a  half  degrees. 

From  the  above  remarks  it  is  evident  that  so  far  as  form  is  concerned.  Captain  Dicey  has  hit 
upon  the  right  type  of  vessel  for  reducing  the  horrors  of  the  middle  passage  to  a  minimum.  It  may, 
however,  be  fresh  in  the  memory  of  yom-  readers  that  various  objections  were  raised  some  three 
years  ago,  when  first  this  proposition  was  brought  before  the  pubHc  ;  they  were  summed  up  in  a  letter 
to  you,  if  I  mistake  not,  by  Mr.  E.  J.  Keed,  M.P.,  and  reduced  to  five  in  number,  which  were  as 
follows.    First,  plan  objectionable,  as  involving  too  great  draught  of  water.    Second,  difiiculty  in  con- 
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necting  two  hulls  together.    Third  and  fourth,  two  vessels  yoked  together  unfavourable  for  high  speed. 
And  fifth,  the  unusual  breadth  unadapted  to  the  harbour  of  Calais.    With  regard  to  the  first  objection 
I  have  only  to  add  that  the  Castalia  complete  with  all  stores,  coal,  &c.,  on  board,  is  drawing  7  feet  of 
water,  about  the  same  as  the  mail  boat  on  that  station.    With  regard  to  the  second,  I  need  scarcely 
say  that  this  part  of  the  design  received  our  first  and  most  careful  consideration,  and  was  further 
submitted  to  that  thoroughly  practical  body,  Messrs.  Lloyd's,  receiving  their  fullest  investigation,  and 
special  survey  of  the  vessel  while  building,  by  their  most  eminent  ofiicers,  and  from  all  that  we  can 
discover  from  the  time  of  launching  (a  severe  test  in  itself)  to  the  present  time,  after  a  most  careful 
inspection  during  and  after  the  gales  of  Monday  and  Tuesday  last,  not  the  slightest  trace  of  want  of 
strength  is  discernible,  not  a  single  rivet  or  bolt  of  deck,  or  waterways  can  be  found,  showing  signs  of 
straining ;  and  this,  coupled  with  the  total  absence  of  all  vibration  so  common  to  steamers,  may  fully 
justify  the  conclusion  that  the  second  objection  has  been  met.    With  regard  to  the  third  and  fourth 
however,  we  are  obliged  to  yield,  her  coefficient  of  performance  being  a  very  low  one,  as  the  same 
power  applied  to  an  ordinary  vessel  would  have  proj)elled  her  at  a  speed  of  fourteen  knots.  The 
placing  of  the  propellers  in  a  projected  vessel  is  consequently  giving  us  some  difficulty,  as  the  limited 
draught  precludes  the  adoption  of  screws,  and  the  extra  breadth  involved  in  placing  the  wheels  outside 
is  objectionable  for  several  reasons,  but  not  so  much  on  the  ground  of  any  difficulty  in  entering  Calais 
Harbour,  the  last  of  the  series  of  objections  raised  by  Mr.  Eeed,  as  the  remarkable  ease  with  which  she 
answers  her  helm,  coupled  with  the  great  lateral  resistance  she  possesses,  proves  of  the  greatest 
advantage  to  her  upon  such  occasions.    It  had,  however,  been  felt  by  many  naval  officers.  Lord 
Clarence  Paget  among  the  number,  that  she  would  be  severely  tested  when  strong  easterly  or  westerly 
gales  prevailed  ;  her  great  height  out  of  the  water  presenting  so  large  an  area  to  their  influence,  it 
was  feared  after  having  partly  entered  the  harbour  she  might  be  driven  to  leeward,  and  thus  thrown 
across  the  entrance.    Of  this,  however,  from  the  above  qualities  being  possessed  by  her,  it  is  now 
confidently  felt  there  is  not  the  slightest  danger. 

APPENDIX  B. 
Outline  Specification. 

The  hull  to  be  constructed  on  the  longitudinal  and  transverse  system,  the  plates  to  be  capable  of 
bearing  a  tensile  strain  of  twenty-one  tons  lengthways,  and  eighteen  tons  crossways.  Each  hull  to  be 
divided  into  watertight  compartments  by  means  of  eight  bulkheads  in  each,  the  four  central  ones  to 
run  up  to  the  height  of  saloon  deck,  and  to  be  carried  across  the  whole  breadth  of  the  superstructure 
and  supported  by  partial  bulkheads,  thus  forming  a  system  of  transverse  girders. 

Stems. — Of  wrought  iron  6  x  2J  in. 

Frames. — Of  angle  iron      x  3  x  A  =     ft.  apart. 

Reverse  Frames. — Of  angle  iron  2.|  x  2|  x  A  in. 

Longitudinal  Frames. — Of  plate  iron  24  in.  deep  and  A  in-  thick.  Angle  irons  on  upper  and 
lower  edges,  2^  x  2|  x  ^'^  in. 

Floors. — Of  plate  /g  in.  thick  and  26  in.  deep. 

Beams. — Of  angle  iron  6  X  4  x  f  in.  on  alternate  frames. 

Stringers. — Of  plate  iron  36  in.  wide,  %  in.  thick.  Angle  iron  3x3x1  in.  Lower  deck,  ditto 
of  angle  iron  3  x  2^  x  A  in.  and  plate  J  thick. 

Deck  Ties. — On  main  deck  30  in.  wide  and  A  in-  thick. 

Iron  Deck. — On  top  of  superstructure  A  thick,  worked,  jump  jointed  with  edge  and  butt  strips. 
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Bulkheads. — Placed  where  shown  on  plans,  of  plate  /'„  in.  thick,  supported  by  angle  irons  2^  x 
2J  X  T*a  in.  placed  2  ft.  6  in.  apart. 

Hull  Plating. — The  strakcs  under  first  longitudinal  -r"",!  in.  thick,  the  other  strakes  up  to  main 
deck  /V  in.,  as  also  the  upper  strake  of  superstructure ;  the  rest  i'*^  in. 

Girder  for  Plummer  Blocks. — To  be  formed  of  plate  and  angle  irons  as  per  sketch,  and  to  be 
sufficiently  strong  to  carry  the  two  outer  ends  of  paddle  shaft. 

Wood  Decks.— Of  pine  6x3^  in. 

Ceiling  of  Hold. — Of  elm  2^  in.  thick.  Room  and  space  battens  of  pitch  pine  1^  in.  thick 
above  this. 

Boats. — Six  in  number,  viz.,  four  25  ft.  cutter  life  boats,  one  14  ft.  dingy,  and  one  20  ft.  cutter. 
Anchors  and  Chains. — Four  bower  anchors,  Martin's  patent,  15  j  cwt.  each,  and  300  fathoms  of 
If'e  in.  chain  cable. 

Life  Rafts. — Two  in  number  of  plate  iron,  formed  of  a  pair  of  rectangular  tubes  lashed  a  few 
feet  apart,  and  two  others  on  Captain  Dicey's  plan  of  wood  and  cork. 
Sundries. — Awnings,  &c.  &c. 


DISCUSSION. 

Mr.  W.  John  :  My  Lord,  I  do  not  think  that  a  paper  of  this  importance  should  pass  without  some 
one  offering  a  remark  upon  it,  and  I  rise  the  more  readily  because  Mr.  Mackrow  has  alluded  to  the 
Society  to  which  I  have  the  honour  to  belong  as  having  approved  the  construction  of  this  vessel. 
Mr.  Macki'ow  will  remember  when  the  di-awings  first  came  to  us  we  discussed  the  matter  with  him, 
and  there  is  one  essential  element  in  the  construction  of  this  ship  which  it  would  be  well  to  point  out 
to  the  meeting.  I  think  it  was  a  point  we  rather  strongly  pressed  upon  Mr.  Mackrow's  notice.  It  is 
as  to  the  connection  of  the  two  sides  of  this  model.  I  may  say  the  weight  of  the  hull  of  this  vessel 
is  kept  down  very  low  indeed,  and  it  was  a  question  of  very  gi-eat  interest  to  combine  those  two 
hulls  without  adding  considerably  to  the  weight.  I  think  I  can  explain  the  principle  on  which  it 
was  eventually  done  in  this  way  :  owing  to  the  wheel  coming  in  the  centre  of  the  vessel  you  see  the 
two  vessels  are  separate  and  you  cannot  form  a  connection  there,  but  by  means  of  these  two  engine- 
room  bulkheads  put  right  across  the  vessel,  before  and  abaft,  you  have  a  means  for  forming  a 
connection — you  have,  in  fact,  two  sides  of  what  can  easily  be  made  tubular  girders  as  it  were,  and  by 
plating  over  between  the  two  bulkheads  here  and  the  two  bulkheads  there,  in  an  athwart-ship  direction, 
and  with  the  roof  of  the  tunnel,  forming  the  lower  part  of  the  girder,  you  connect  the  two  hulls  by  two 
large  tubular  bridges,  two  perfect  tubes,  which  assist  and  hold  them  both  obliquely  and  transverseh-, 
and  for  that  reason  you  will  find  in  the  design  of  this  vessel  there  is  a  partial  iron  deck  up  here  (pointing 
to  the  model),  but  it  is  a  partial  iron  deck  put  for  purposes  exactly  the  opposite  of  those  for  which  the 
iron  deck  is  usually  put.  It  is  not  for  longitudinal  strength  essentially,  but  for  transverse  strength, 
and  there  are,  as  it  were,  strips  of  iron  deck  going  across  the  ship.  It  is  by  means  of  that  system  of 
having  two  absolute  trunks  from  ship  to  ship,  bridging  over  the  space  between,  that  you  get  the  absolute 
freedom  from  movement  which  there  is  in  that  ship.  I  only  rise  to  make  that  clear,  because  it  is  a  point 
of  very  considerable  technical  interest  in  connection  with  a  vessel  of  this  light  construction  having  the 
two  hulls  connected  together,  and  yet,  after  working  as  it  has  done  for  some  time,  there  is  no  sign  of 
movement.  The  same  principle,  I  may  mention,  has  been  carried  out  in  pretty  much  the  same  way  in 
the  Calais-Douvres,  which,  with  still  more  powerful  engines,  going  at  a  higher  speed,  still  keeps  that 
rigidity,  and  shows  there  is  combined  with  lightness,  and  a  very  peculiar-shaped  ship,  and  very  trying 
circumstances,  a  sufdcient  amount  of  rigidity. 

Y 
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Mr.  Henry  Liggins  :  My  Lord,  I  listened  with  very  great  satisfaction  to  the  expression  of  the 
hope  which  is  generally  felt,  I  believe,  in  this  Institution,  that  the  mercantile  service  ships  should 
receive  more  attention  than  they  do,  and  the  scientific  features  in  connection  with  those  ships  should 
be  considered  as  well  as  those  of  Her  Majesty's  Eoyal  Navy.  If  that  is  a  necessity,  which  I  believe 
we  are  all  agreed  upon,  it  is  very  desirable  indeed  that  shipowners  should  consider  it  in  a  pecuniary 
point  of  view ;  and  it  is  also  important  that  the  difficulties  which  attend  the  Channel  service  for  the 
transit  of  passengers  should  also  receive  the  consideration  of  this  scientific  body,  because  the  jiublic  at 
large  do  hope  that  out  of  the  science  of  this  Institution  some  suggestion  may  be  made  of  a  practical  nature 
to  get  over  the  difficulties  of  the  Channel  passage  between  England  and  the  continent  of  Europe.  The 
subject  under  discussion  has  been  brought  before  this  Institution  during  the  last  ten  years  by  the  most 
eminent  of  its  members,  notably  Mr.  Scott  Eussell,  who  claims  the  right  to  speak  with  very  great 
authority,  having  constructed  the  largest  ship  the  world  has  yet  produced.  Mr.  Eeed  has  also  addressed 
you  upon  it.  The  late  Mr.  Grantham  also  brought  before  you  a  very  able  paper,  and  I  quite  remember 
some  years  ago  making  a  humble  effort  to  contribute  to  the  literature  on  the  subject  by  reading  a  paper. 
I  think  I  can  state,  without  fear  of  contradiction,  that  I  am  the  only  person  belonging  to  this  Institution 
that  ever  made  a  passage  in  the  Gemini,  the  vessel  having  proved  a  complete  failure.  And  there  I  will 
correct  Mr.  Mackrow,  if  he  will  allow  me,  and  ask  him  to  strike  out  the  word  "ply  "  from  his  paper  in 
connection  with  the  Gemini,  because  she  never  arrived  at  that  stage ;  she  never  went  but  once  down  the 
Thames,  and  as  far  as  I  was  concerned  she  only  brought  me  half-way  back  again.  She  belonged  to  a 
friend  of  mine,  who  built  her  believing,  from  what  he  had  heard,  that  a  vessel  with  a  widely  spread-out 
deck  would  be  a  favourite  with  the  public  for  pleasure  traffic;  he  believed  that  with  paddles  placed  between 
two  hulls  he  could  get  high  speed  and  large  deck  area.  He  spent  ^14,000  on  this  little  vessel  in  the 
hope  that  he  would  be  able  to  eclipse  the  large  fast  steamboats  of  that  day  employed  between  London 
and  Gravesend.  We  struggled  down  the  river  Thames  and  got  to  Gravesend ;  we  remained  there  an 
hour,  and  we  endeavoured  to  struggle  back  again,  but  only  got  to  Erith,  when,  by  universal  consent, 
the  visitors  were  glad  to  leave  and  get  back  by  the  next  up  Gravesend  boat.  She  was  a  complete 
failure ;  she  never  made  but  that  one  passage,  and  never  plied  for  hire.  Now  we  come  to  the  next 
ship  of  similar  type,  the  Castalia,  which  is  before  you,  and  I  do  not  think  Mr.  Mackrow  cares  to 
claim  much  credit  for  the  design  of  the  ship.  He  was  asked  by  Captain  Dicey  to  build  a  ship  with 
two  hulls,  and  he  thought  out  carefully  how  to  carry  out  his  instructions  with  enduring  strength  of 
structural  form,  and  used  much  energy  coupled  with  his  scientific  knowledge  as  a  Naval  Architect  to 
produce  the  best  result  practicable  under  the  many  difficulties  of  this  novel  form  of  vessel.  Lloyd's  were 
consulted,  because,  no  doubt,  a  great  amount  of  dread  was  felt  with  regard  to  that  form  of  construction, 
as  to  whether  or  not,  in  a  heavy  sea  in  the  channel,  the  hulls  might  not  separate  from  each  other ; 
therefore  Lloyd's  were  consulted,  with  the  view  of  getting  an  opinion  on  the  strength  of  the  girders 
that  might  be  deemed  necessary  to  keep  the  two  structures  rigidly  together.  The  ship  went  to  sea,  I 
think  Mr.  Maclurow  said,  in  1875,  and  she  did  ply  that  summer  between  Dover  and  Calais,  with  a 
considerable  amount  of  success  as  regards  the  satisfaction  which,  for  a  time,  she  gave  to  the  public,  but 
as  soon  as  bad  weather  set  in  she  was  withdrawn,  and  from  that  time  to  this  I  believe  the  vessel  has  been 
lying  in  the  Thames  just  below  Woolwich.  There  were  reasons  why  it  was  considered  by  her  owners 
desirable  to  construct  a  ship  of  the  same  type,  but  of  a  better  form.  They  asked  for  tenders,  and  a  vessel 
was  built  called  the  Calais-Douvres,  but  that  vessel  is  in  no  respect  superior  to  this,  and  I  think  the 
two  hulls  of  which  she  is  made,  there  being  two  half  hulls,  is  not  an  advantage  which  anyone  is  able  to 
appreciate.  I  have  taken  a  good  deal  of  pains  to  watch  the  working  of  the  Calais-Douvres.  It  was  a 
long  time  before  I  got  a  chance  of  seeing  the  Calais-Duiivres  in  anything  but  smooth  water,  and  a 
smooth-water  passage  across  the  Channel  from  Dover  to  Calais  is  not  one  that  any  other  boat  cannot 
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do  with  satisfaction  to  the  passengers ;  but  in  September  last  I  was  able  to  catch  the  Calais-Douvreg  on 
two  days  when  it  blew  rather  hard.  I  was  on  the  Admiralty  Pier  on  one  occasion  when  there  was  a 
good  deal  of  cross  sea,  the  wind  was  about  W.S.W.,  and  the  tide  was  ebbing,  which  many  gentlemen 
here  know  would  produce  very  rough  water  indeed  in  the  neighbourhood  of  Dover.  After  waiting  some 
time  the  Ostend  boat  arrived,  one  horn-  and  forty  minutes  before  the  Calais-Douvres  made  her  appearance, 
and  the  trains  were  kept  waiting  one  hour  and  forty  minutes  for  the  arrival  of  the  CalnU-Douvres.  She 
came  through  the  mist  which  enveloped  her  and  showed  herself,  and  I  watched  her  with  the  keenest 
interest.  She  rolled,  or  she  moved — Mr.  Maclaow  does  not  like  the  word  rolled  in  connection  with  her, 
but  it  appeared  to  me  that  she  did  roll — not  an  honest  roll,  but  I  may  call  it  a  wobble,  which  if  not 
the  ordinary  roll  of  a  Channel  steamer,  was  quite  as  objectionable  to  her  passengers.  She  approached 
nearer  and  nearer,  and  with  the  aid  of  a  powerful  glass  I  watched  her  keenly,  and  she  was  coming 
straight  end  on  to  where  I  was  standing  on  the  Admiralty  Pier,  and  the  part  between  the  two  hulls 
seemed  to  me  to  be  completely  choked  with  water,  which  sufficiently  accounted  to  my  mind  for  the 
very  slow  progress  she  was  making  in  comparatively  smooth  water  for  so  large  a  ship,  she  being 
300  ft.  long.  You  would  not  have  expected  so  much  motion  in  an  ordinary  Channel  sea  with  a  ship  of 
that  length,  but  she  seemed  to  me  to  be  completely  choked  between  the  two  hulls,  and  that  was  enough 
to  prevent  her  making  rapid  progress.  She  took  green  seas  all  over  that  lower  deck.  In  fact,  I  very 
much  doiibt  if  it  would  have  been  safe  to  have  stood  on  that  day  on  that  lower  deck.  Not  having  been 
on  board,  I  am  only  speaking  of  what  appeared  to  me  to  be  the  case  from  the  Admiralty  Pier.  She 
came  in,  and  I  must  say  that  she  steered  very  well  indeed.  I  was  told  that  there  were  460  passengers  on 
board,  and  I  should  think  from  the  observation  which  I  had  the  means  of  making  that  that  was  about 
the  number,  but  I  do  not  hesitate  most  solemnly  to  declare  that  at  least  400  of  those  were  sea-sick,  for 
I  do  not  think  in  my  forty  years'  experience  in  the  English  Channel,  or  in  my  forty  years'  experience 
of  crossing  the  Atlantic,  I  ever  saw  so  many  people  sea-sick  in  one  day  as  there  were  there.  My  sou 
was  with  me,  and  we  both  counted  the  people  as  well  as  we  could,  and  we  afterwards  noticed  that  a 
man  and  a  boy  were  emploj-ed  on  the  deck  of  that  ship  for  half  an  horn-  and  upwards  in  washing  up 
the  basins  which  had  been  used.  That  is  very  clear  proof  that  those  travellers  that  day  had  not 
derived  any  benefit  from  a  slow  large  ship.  There  was  not  a  particle  of  her  deck  that  was  not  wet 
with  the  spray  blowing  over,  and  she  is  not  jirotected  as  a  comfortable  vessel  ought  to  be  from 
the  wind  or  the  spray,  because  there  is  nothing  but  wii'ework  all  rovmd,  just  to  prevent  you 
tumbling  overboard ;  there  is  no  protection  for  ladies,  whose  dresses  are  apt  to  be  blown  up  on  the  deck 
of  a  ship  if  they  are  not  screened  by  high  bulwarks.  The  ordinary  Channel  steamers  have  very  high 
bulwarks,  and  they  are  a  great  protection  against  the  weather,  and  they  put  up  weather-cloths  fore 
and  aft  which  keep  off  the  wind  and  the  spray,  but  there  was  nothing  of  the  kind  in  the  Calais-Douvres. 
I  went  below  to  examine  every  part,  to  see  her  under  cu'cumstances  of  a  roughish  passage,  although  I 
had  seen  her  before.  The  cabin  windows  had  all  been  closed,  and  the  heat  and  offensive  smell  in  this 
part  of  the  vessel  made  it  utterly  impracticable  for  anyone  to  remain  there.  It  was  impossible  fi'om  the 
heat  of  the  boilers  that  anybody  could  have  remained  for  a  quarter  of  an  hour  in  those  cabins  without 
being  almost  parboiled.  I  assm-e  j^ou  that  I  do  not  exaggerate  in  any  word  that  I  use,  the  heat  was 
most  excessive,  and  at  this  moment,  if  you  go  on  board  the  Calais-Douvres  you  will  find  that  the 
partitions  and  the  bulkheads,  or  many  of  them,  are  cracked,  and  all  of  them  are  blistered  fi-om  the 
excessive  heat  from  the  boilers.  They  are  close  to  the  boilers  in  the  lower  part  of  the  vessel.  That 
is  an  objection  on  rainy  days,  when  there  is  no  suitable  place  to  go  below  and  lie  down.  That  is 
the  Calais-Douvres  as  she  was  last  autumn.  Mr.  Macki'ow  says  that  she  steers  well,  and  I  say  that 
she  did  steer  well  that  day.  She  steered  very  carefully,  and  came  to  an  inch  alongside  the  wharf, 
but  I  can  tell  you  this,  that  they  dare  not  take  her  on  rough  days  into  the  hai'bom"  of  Dover ;  and  on 
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that  occasion  she  had  to  go  to  the  Downs  to  lay  up  for  the  night,  and  came  back  the  first  thing  in  the 
morning  to  take  up  her  position.  She  does  not  go  into  Dover  Harbour  to  rest  as  the  ordinary  boats 
do,  and  therefore  I  suspect  they  are  afraid  of  her  not  steering  with  the  accuracy  which  is  necessary 
for  the  very  narrow  harboui*  of  Dover.  It  is  known  tobe  an  awkward  place,  and  the  tide  is  very  strong 
at  the  harbour's  mouth  occasionally  in  certain  states  of  the  tide.  It  is  perfectly  impossible  that  it  can 
answer  to  take  a  ship  to  the  Downs  every  night,  to  lay  up  there  until  the  nest  morning,  and  that  then 
she  should  have  to  come  back  that  distance  of  seven  or  eight  miles  to  commence  her  morning's  work. 
It  is  harassing,  to  say  the  least  of  it,  to  the  crew — who,  by  the  by,  were  glad  enough  to  get  out  of  her. 
One  of  the  men  said,  "  Well,  we  are  here  to-day  and  gone  to-morrow ;  "  they  cannot  get  the  crew  to  stand 
by  her  on  account  of  the  many  inconveniences  which  they  suffer,  and  the  labotu*  which  they  have  to  go 
through.  I  do  not  know  that  there  are  any  other  points  that  I  need  touch  upon.  I  may  here  observe 
that  the  system  of  the  two  hulls  is  a  very  ancient  one.  The  services  of  a  catamaran  like  that  vessel 
under  sail  might  be  very  valuable  for  the  carrying  of  letters  and  despatches  from  ships  through  the  surf 
at  Madras,  or  through  the  sm'f  on  the  beach  of  the  South  Sea  Islands,  where  the  water  is  very  shallow, 
but  it  would  be  unsuitable,  from  the  ballast  it  requires  to  render  her  stable  enough  to  carry  a  press  of 
sail,  for  any  other  purpose.  It  by  no  means  follows  that  such  a  frail  boat  as  that,  which  is  most 
useful  in  its  way,  should  be  applicable  to  the  carriage  of  passengers  and  merchandise  in  the  English 
Channel.  The  catamaran  is,  really,  for  beaching  in  shallow  waters,  and  only  carrying  a  man  or  two 
with  despatches  to  and  from  the  ship.  She  is  not  intended  to  carry  a  cargo,  nor  is  she  capable  of  it. 
But  it  is  a  very  ingenious  unscientific  method,  because  a  savage  invention  of  giving  stability,  but 
stability  need  not  be  placed  in  such  form  for  the  Channel  service. 

Mr.  E.  J.  Harland  :  The  particulars  with  which  Mr.  Mackrowhas  furnished  us  with  reference  to 
the  results  of  trial  trips,  more  particularly  the  Castalia,  I  think  are  very  interesting,  more  especially 
not  with  regard  perhaps  to  the  probability  of  naval  architects  being  able  to  reduce  the  principle  of 
a  twin-boat  to  practical  use,  but  rather  to  indicate  to  us  in  what  direction  we,  in  such  applications  or 
attempts,  may  fairly  look  in  the  future  for  a  loss  of  power.  It  appears  to  me  that  one  of  the 
principal  reasons  why  a  rather  serious  loss  of  power  has  arisen  in  these  twin-boats  may  be  traced  to 
skin  friction.  It  would  almost  point  to  this,  that  if  a  twin-boat  could  be  closed  together  a  little  at 
the  bow,  and  made  a  little  wider  at  the  other  end,  the  probability  is  that  that  would  be  an  advantage 
so  far  as  going  ahead  is  concerned,  but  as  both  ends  are  made  alike  in  order  that  the  vessel  may  be 
saved  having  to  turn,  it  means  that  the  ship  would  have  to  be  reversed  again  in  returning.  That  is 
with  reference  to  the  matter  of  skin  friction.  As  to  skin  friction,  a  little  circumstance  occurred  in  my 
experience  which  may  be  interesting.  Some  years  ago  a  gentleman — I  think  Mr.  Fletcher,  of  Liver- 
pool, an  extremely  able  and  scientific  man — brought  out  a  speed  indicator,  and  this  instrument  was  on 
the  principle  of  running  what  he  called  a  sword  through  the  bottom  of  the  ship,  two,  three,  or 
four  feet  in  length,  and  at  the  bottom  of  this  sword  there  was  a  hole  bored  in  the  direc- 
tion of  the  vessel,  so  that  when  the  vessel  went  a-head  the  water  was  driven  against  the  surface  of  this 
hole,  and  an  indication  was  taken  by  a  pressm-e-gauge  in  the  vessel,  and  he  could  thus,  by  an  ingenious 
mode  of  calculation  which  he  proposed  to  adopt,  indicate  the  difi'erent  speeds  of  the  vessel.  You  could 
read  in  the  cabin,  or  in  any  other  part  of  the  ship,  the  speed  at  which  the  vessel  was  going  ;  it  was  a 
continuous  speed  indicator.  But  it  met  with  a  very  unexpected  circumstance.  This  sword,  which  was 
easily  passed  through  a  stuffing  box  at  the  bottom  of  the  ship,  was  first  made  2  feet  in  length,  and  when 
it  was  found  that  the  speed  indicated  was  only  about  half  what  the  speed  really  was,  the  length  of  the 
sword  was  increased  to  over  3  feet;  but  it  was  still  found,  even  at  3  feet  or  3  ft.  G  in.  distance  from  the 
skin  of  the  ship,  100  feet  from  the  bow  of  a  vessel  something  like  450  feet  in  length,  that  the  indication 
was  very  far  below  what  the  ship  was  actually  travelling,  showing  that  there  was  a  surface  of  water 
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following  that  ship  at  that  part  of  the  ship  of  fully  3  feet  in  thickness  :  it  did  not  mean  that  to  the  extent 
of  3  feet  that  water  was  flowing  at  the  rate  of  the  ship,  but  it  meant  immediately  next  to  the  ship  perhaps 
the  water  was  travelling  almost  identically  at  her  own  speed,  and  every  foot  you  loft  the  ship  so  much 
the  water  lessened  in  speed  with  the  ship,  but  even  when  you  had  gone  to  8^  feet  from  the  ship  you  had 
not  arrived  at  a  point  where  the  water  could  be  said  to  be  undistm-bed.  That  indicates  to  me  very 
clearly  when  we  are  dealing  with  naval  structures,  particularly  where,  as  in  this  case,  we  have  an  extra- 
ordinary amount  of  skin  surface  wetted,  that  we  then  have  to  prepare  ourselves  to  meet  with  a  very 
serious  objection,  an  objection  which  perhaps  may  weigh,  and  in  this  case  appears  to  outweigh,  any  of 
the  other  advantages  for  which  we  are  anxiously  seeking.  With  reference  to  the  strengthening,  to 
which  Mr.  John  has  referred,  that  struck  me  as  most  ingenious  on  the  part  of  Lloyd's.  Now  with 
regard  to  the  paddles,  that  is  another  illustration  of  skin  resistance.  Some  little  time  ago  we  had 
occasion,  in  the  construction  of  a  paddle  steamer,  to  go  into  an  idea  proposed  by  Mr.  David  Piowan,  of 
Glasgow,  a  most  ingenious  and  excellent  professional  gentleman.  In  most  cases  it  has  been  customary 
to  have  the  float  of  the  paddle  about  3  or  4  inches  clear  of  the  ship's  side.  We  found  there  was  a 
positive  advantage  gained  by  cutting  off  the  float  next  the  ship's  side,  so  as  to  be  well  clear  of  the 
shell  of  the  ship,  so  that  although  apparently  we  lost  a  considerable  amount  of  float  for  the  applying  of 
the  power,  still  we  really  with  what  remained  gained  a  better  result,  and  we  got  a  stroke  or  two  more 
out  of  the  engines  for  propelling  pm'poses  than  when  the  float  had  a  greater  surface  and  was  nearer  the 
ship.  That,  in  my  mind,  also  points  in  the  same  direction.  It  shows  clearly  to  me  that  the  skin  surface 
fi'iction  was  such  that  at  least  for  a  foot  or  two  outside  the  beam  of  the  ship  the  water  was  following 
the  vessel,  so  that  the  paddle  reaUy  was  doing  an  extra  amount  of  duty ;  and  in  fact  was  puUing  against 
itself  next  the  hull  of  the  ship.  Now  with  reference  to  the  cross  Channel  trade  and  the  cross  Channel 
steamers,  and  the  hitherto  most  unsatisfactory  solution  that  has  been  offered,  it  is  ver}"  unfair  to  naval 
architects,  because  they  are  blown  up  right  and  left  for  not  putting  something  better  on  between 
England  and  France,  when  there  is  something  so  extremely  satisfactory  between  Holyhead  and  Kings- 
town. To  my  mind  it  appears  to  be  simply  this.  It  is  a  matter  of  size  of  ship.  You  cannot  have 
comfort  at  sea  unless  you  have  size,  and  in  that  size  you  must  not  forget  the  length.  Now  that  means 
a  large  harbour,  and  sufficient  water  in  that  harbour.  Unfortunately,  whatever  has  been  done  at 
Dover,  is  only  one  side  of  the  hedge.  At  the  other  side,  in  the  French  ports,  not  only  of  Calais 
but  Boulogne,  they  are  fearfully  behind  the  day,  and  unless  we  first  have  satisfactory  ports,  the  naval 
architect  need  not  be  asked  or  attempt  to  construct  a  satisfactory  ship.  Size  is  the  only  solution,  in 
my  opinion,  of  the  difficulty.  I  do  not  think  it  will  be  in  the  direction  of  twin-boats.  There  are  com- 
plications about  their  first  cost,  and  other  difficulties,  which  I  fancy  would  result  in  our  adhering 
rather  to  the  old  system  of  single  hull.  I  am  quite  sure  that  there  will  be  no  satisfactory  solution 
of  the  problem  imtil  the  authorities  on  the  French  coast  as  well  as  on  the  EngHsh  have  settled  it  by 
giving  us  sufficiently  large  and  commodious  harbours,  and  when  that  is  done  the  naval  architect  wiU 
very  soon  try  his  hand,  and  I  have  no  doubt  will  succeed. 

Mr.  W^  ILLIA3I  Parkeb  :  My  Lord,  as  I  have  taken  a  Httle  interest  in  the  propulsion  of  these  two 
twin  vessels,  I  have  listened  with  pleasm-e  to  the  remarks  which  have  been  made,  and  with  yom- 
permission,  I  will  make  a  few  observations  about  them  both.  There  is  one  thing  that  has  been 
settled  bej-ond  a  doubt  by  these  two  costly  experiments,  and  that  is,  that  naval  architects  or  en- 
thusiastic patentees  will  never  again  imagine  that  this  form  of  vessel  will  be  the  ship  of  the  futm-e. 
You  will  appreciate  this  more  readily  when  I  mention  the  enormous  power  that  is  necessary  to  propel 
vessels  of  this  form,  and  the  amount  of  coal  that  has  to  be  burnt  to  obtain  that  power.  The  Calais- 
Douires  wiU  bm-n  about  220  tons  to  propel  her  14  knots  an  horn-,  and  you  will  agree  that  it  woidd  be 
suicidal  to  attempt  to  bm-u  anything  like  that  in  a  merchant  ship.    Now,  there  is  one  thing  in  con- 
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nection  with  these  two  vessels,  especially  the  Castalia,  that  strikes  me,  and  that  is,  that  before 
attempting  to  build  the  vessel  some  proper  means  were  not  taken  to  arrive  at  the  power  necessary  to 
propel  her  14  knots.  It  was  very  well  known  by  the  promoters  of  the  Company,  I  presume,  that 
unless  this  ship  did  steam  14  knots  she  would  be  utterly  useless.  Mr.  Mackrow  says  he  did  not 
expect  that  1,250  horse-power  would  give  her  that  speed,  but  he  said  the  promoters  expected  to  get 
it.  Now,  I  think  a  very  great  blunder  has  been  made  by  some  one  in  this  respect,  and  I  will  ask  Mr. 
Mackrow,  in  passing,  who  was  responsible  for  the  power,  and  who  was  responsible  for  that  power 
giving  the  required  speed  ?  The  other  vessel,  the  Calais-Douvres,  was  built  by  Mr,  Leslie,  of  Hebbm-n- 
on-the-Tyne,  for  the  same  Company,  and  intended  to  be  run  in  the  same  trade.  But  what  did  he  do 
when  he  commenced  that  ship  ?  Having  ascertained  that  it  would  be  impracticable  to  run  a  vessel 
into  those  harbours  over  300  ft.  long  (10  ft.  longer  than  the  Castalia),  and  that  he  could  only  be 
allowed  2  ft.  extra  beam  and  the  same  draught  of  water,  he  at  once  took  measures  to  ascertain 
what  power  was  necessary  to  propel  such  a  vessel  at  the  required  speed.  Two  Woolwich  steamers 
were  chartered,  they  were  taken  to  sea,  lashed  together,  and  a  set  of  progressive  speed  trials  were 
made  with  these  two  ships.  He  then  disconnected  them,  and  ran  them  singly,  taking  particulars  of 
their  performances.  Having  obtained  a  certain  amount  of  data  from  this  experiment,  he  took  the 
Castalia  out,  and  conducted  a  series  of  speed  trials  with  her.  From  those  two  experiments  Mr.  Leslie 
had  collected  sufficient  data  to  enable  him  to  say.  Neither  1,250  horse-power,  nor  2,000  horse-power 
is  sufficient  to  propel  this  form  of  ship ;  but  I  must  construct  engines  so  that  they  will  be  capable 
of  exerting  at  least  3,600  horse-power.  Mr.  Leslie  returned  to  the  Tyne,  he  designed  his  ship,  and 
he  gave  the  engineers  the  power  he  would  require  to  propel  her  14  knots.  The  vessel  was  built,  and 
the  engines  were  constructed  to  develop  that  power,  and  when  she  was  launched,  with  all  her  coal, 
and  fittings,  and  everything  on  board,  she  drew  about  6  ft.  10  in.,  being  2  in.  less  than  the  required 
draught ;  but  the  difficult  problem  Mr.  Leslie  had  to  solve  was,  having  only  10  ft.  more  length,  and 
2  ft.  more  beam,  how  to  get  250  tons  more  displacement  in  the  same  draught,  which  the  extra 
weight  of  machinery  required.  He  overcame  that  by  an  ingenious  arrangement  of  the  rudders. 
Instead  of  the  vessel  being  very  fine  at  both  ends,  he  made  her  very  full,  and  arranged  the  rudders 
so  that  they  should  be  part  and  parcel  of  the  vessel,  being  about  5  feet  in  width  at  the  after  ends, 
each  rudder  being  about  10  ft.  long.  His  vessel  had  about  20  feet  more  midship  body  than  the 
Castalia.  It  was  also  to  get  this  extra  displacement  that  the  elliptical  sides  were  adopted. 
Mr.  J.  Scott  Eussell,  F.E.S.  :  Were  both  ends  alike? 

Mr.  Pakker  :  Both  ends  were  alike,  that  was,  20  feet  in  length.  As  I  said  before,  the  vessel  was 
built  and  launched,  and  she  only  drew  that  draught  of  Avater.  She  was  tried  at  sea,  and  she  indicated 
4,100  horse-power,  with  a  speed  of  a  little  over  14  knots  ;  her  bottom  was  very  dirty,  having  lain  in 
the  water  for  sixteen  months.  After  her  bottom  was  cleaned  she  had  a  speed  of  about  14f  knots  on 
an  indicated  horse-power  of  about  4,300.  Now,  I  have  no  hesitation  in  saying,  having  attended  all 
the  trials  of  both  the  Castalia  and  Calais-Douvres,  that  the  Castalia  is  driven  a  great  deal  easier  than 
the  Calais-Douvres.  But  that  was  not  the  problem  ;  the  question  was,  can  sufficient  power  be  put  into 
a  vessel  of  these  dimensions  and  this  form  to  propel  her  14  knots,  and  how  can  the  extra  dis- 
placement be  obtained  ?  This  displacement  could  not  be  obtained  without  elliptical  sides.  Mr. 
Leslie  had  to  produce  a  ship  which  burnt  a  great  deal  of  coal,  but  still  she  did  her  work.  The 
Calais-Douvres  ran  last  season  between  Calais  and  Dover,  and  carried  altogether  about  51,000  people 
which  was  about  700  a  day.  She  earned  nearly  .£22,000,  and  she  cleared  15  per  cent,  of  her 
original  cost,  after  all  the  expenses  in  connection  with  working  her,  including  interest  and  deprecia- 
tion, were  paid.  If  that  is  not  a  success  I  do  not  know  what  is,  so  far  as  doing  her  work  is 
concerned.    I  hear  from  the  London,  Chatham,  and  Dover  Company  that  they  are  inundated  with 
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letters  as  to  when  the  vessel  will  be  ready  to  run  again.  I  think  Mr.  Leslie,  who  undertook  this 
piece  of  work,  deserves  great  praise  and  credit ;  because  when  he  commenced  this  boat  he  contracted 
with  the  Channel  Steamship  Company,  and  two  months  after  he  commenced  it  the  Channel  Steam- 
ship Company  failed.  Mr.  Leslie  went  on  with  this  ship  at  his  own  cost,  and  with  this  prospect  in 
the  future,  that  if  she  did  not  attain  the  speed  he  would  have  to  break  her  up ;  and  if  she  did 
attain  the  speed,  he  would  have  to  look  out  and  get  somebody  to  buy  her.  I  think  he  deserves  gi-eat 
credit  for  the  bold  manner  in  which  he  carried  it  out,  and  I  think  the  London,  Chatham,  and  Dover 
Railway  Company  deserve  very  great  credit  for  at  once  taking  it  up,  buying  the  boat,  and  giving 
the  public  a  better  means  of  transit  between  Dover  and  Calais. 

Mr.  J.  E.  Ravenhill  :  My  Lord,  I  should  not  have  troubled  the  meeting  if  it  had  not  been  for  a 
remark  or  two  which  have  dropped  from  Mr.  Parker.  The  first  question  that  I  should  like  to  put  to 
him,  so  that  I  may  feel  quite  sure  that  I  am  correct,  is  this :  I  understood  him  to  say  that  the 
Calais-Douvres  burnt  220  tons  of  coal  a  day. 

Mr.  Pakker  :  Yes. 

Mr.  Ravenhill  :  I  believe  she  only  made  one  passage  across  the  Channel  and  one  back  each  day? 
Mr.  Paeker  :  That  was  all. 

Mr.  Ravenhill  :  Then,  taking  her  full  time  to  be  an  hour  and  a  half,  on  each  passage  60  tons  an 
hour  would  make  180  tons  a  day — 40  tons  for  getting  up  steam  and  lying-to.  That  is  an  amount 
of  coal  which  it  appears  incredible  could  have  been  supplied  to  the  fires  in  the  time  named. 

Mr.  PxVRKER  :  Twenty-four  hours  is  considered  to  be  a  day  at  sea,  Mr.  Ravenhill. 

Mr.  Ravenhill  :  I  beg  your  pardon.  I  was  thinking  of  the  Channel  service,  and  when  you  said 
220  tons  a  day  I  thought  you  meant  220  tons  during  the  time  in  each  day  she  was  under  steam 
or  had  her  fires  lighted.    The  thing  puzzled  me,  and  I  am  glad  I  have  elicited  that  explanation. 

Mr.  J.  Scott  Russell  :  It  is  about  10  tons  an  hour. 

Mr.  Ravenhill  :  I  think  there  is  one  thing  about  these  twin  steamers  that  have  been  placed  in 
the  Channel,  and  it  is  this  :  there  can  be  no  doubt  that  the  horrors  of  that  passage  had  been 
experienced  by  the  travelling  public  over  a  long  course  of  years,  but  I  do  not  think  you  will  see  that 
class  of  ship  multiplied.  I  am  of  opinion  that  if  larger  vessels  were  placed  on  that  station  built  of 
steel,  such  as  the  Maid  of  Kent,  and  some  of  those  built  many  years  ago,  when  first  the  London, 
Chatham,  and  Dover  Railway  opened,  or  if  those  vessels  were  enlarged,  you  would  obtain  nearly  all, 
if  not  quite  all,  the  advantages  to  be  derived  from  these  twin  steamers,  and  with  veiy  great  saving  as 
far  as  fuel  is  concerned  at  all  events.  Mr.  Harland  alluded  to  the  great  skin-friction.  He  did  not 
put  it  quite  before  you  in  the  point  of  view  in  which  I  should  like  to  put  it,  which  is  this.  Li  the 
case  of  the  Calais-Douvres  there  is  just  twice  the  amount  of  skin-friction  that  there  would  be  in  the 
ordinary  hull  of  a  vessel  of  the  same  beam,  and  that  in  itself  must  be  fatal  to  speed.  I  believe 
there  are  many  naval  architects  who,  if  they  were  consulted,  could  give  you  a  vessel  built  of  steel  at 
the  present  time,  say  length  300  ft.,  and  breadth  over  all  the  same  as  the  Calais-Douvres;  but 
they  would,  instead  of  spreading  the  hulls,  bring  them  together,  and  take  the  dimensions  all  over 
the  ordinary  old  form  of  paddle-boxes.  There  might  be  the  difiiculty  of  turning  that  was  alluded  to  by  a 
gentleman  who  spoke  some  little  time  back,  at  all  times  on  entering  Dover  Harbour  ;  but  if  the  public 
drive  the  railway  companies  into  giving  them  accommodation  across  the  Channel  at  the  present  time, 
when  the  accommodation  in  the  harbours  is  of  a  very  limited  description,  the  companies  must  put  up 
with  the  necessity  of  their  vessels  going  into  the  Downs,  or  elsewhere,  for  the  night  to  anchor.  That 
is  a  matter  that  only  afl'ects  the  railway  companies  themselves.  I  do  not  think  it  at  all  affects  the 
question  as  to  the  relative  capabilities  and  performances  of  the  ships.  I  believe  that  before  very  long  we 
shall  see  improved  vessels  on  the  Dover  station,  but  they  will  not  take  the  form  of  the  Calais-Douvres. 
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Captain  Dicey  :  My  Lord,  I  wisli  to  make  a  few  remarks  with  regard  to  wliat  Mr.  Liggins  said 
about  tlie  Channel  service.  I  have  been  here  several  times  on  previous  occasions  when  this  matter 
has  been  discussed,  and  I  have  always  found  Mr.  Liggins  throw  cold  water  on  every  scheme  that  has 
been  introduced.  I  should  fancy  Mr.  Liggins,  with  the  experience  that  he  has  had  across  the  Channel, 
and  to  America,  must  be  like  one  of  those  sailors  on  board  the  ordinary  Channel  steamers  whom  I 
happened  to  speak  to  some  time  ago,  and  said,  "  Cannot  you  get  a  better  class  of  vessels  to  run  across 
here  ?  "  "  Oh,"  he  said,  "  the  passengers  get  used  to  it ;  they  would  not  care  about  any  improved  steamer 
at  all."  With  regard  to  the  steamer  going  to  the  Downs,  I  watched  the  Calais-Douvres  very  frequently, 
and  last  year,  during  the  time  she  was  running,  three  months  or  three  and  a  half,  she  went  to  thfr 
Downs  only  twice.  That  was  in  consequence  of  there  not  being  water  enough  in  Dover  Harbour  to 
enable  her  to  go  into  the  harbour,  but  every  other  time  she  anchored  under  the  pier  or  went  into  the 
harbour.  Captain  Pittoek  said  over  and  over  again,"  I  can  aSsm-e  you,  Captain  Dicey,  I  would  as  soon 
navigate  this  vessel  as  one  of  our  ordinary  Channel-going  steamers."  As  far  as  the  difficulty  of  the 
ports  is  concerned  the  great  difficulty  is  at  Dover,  not  at  Calais.  You  can  always  get  in  and  under 
shelter  at  Calais,  though  you  may  have  to  wait  an  hour  or  two  for  the  tide,  but  at  Dover  the  harbour 
is  dry  at  certain  times,  and  therefore  you  are  obliged  to  wait,  and  of  course  the  steamer  could  not 
remain  outside  if  it  were  blowing  a  gale  of  wind.  With  regard  to  the  heavy  passage  Mr.  Liggins  has 
spoken  of,  I  went  down  the  day  after  the  vessel  crossed,  and  I  asked  the  Captain  and  others  aboard 
what  kind  of  passage  they  had.  They  said,  "A  very  rough  passage  ;  "  and  in  fact  it  was  so  rough 
that  the  Channel  steamer  could  not  cross  that  day  ;  and  the  Folkestone  and  Boulogne  steamer  could 
not  cross  that  day  ;  she  was  kept  in  Folkestone  on  account  of  the  heavy  weather,  whilst  this  vessel 
crossed  over  with  great  comfort  to  her  passengers — so  much  so,  that  they  told  me  there  had  been  very 
few  sick.  As  a  proof  of  that  I  spoke  to  the  steward.  I  said,  "  Steward,  you  have  no  indicator 
on  board  this  vessel ;  we  have  them  on  the  Castalia  to  show  what  the  incline  would  be  in  rolling." 
And  he  assured  me  that  they  never  rolled,  and  though  many  of  them  had  made  a  comfortable 
dinner  on  board,  the  ship  had  never  rolled  a  bottle  off  the  table.  The  inclinometer,  the  apparatus 
for  testing  the  roll  on  board  the  Castalia,  never  showed  more  than  five  degrees  of  rolling,  when 
other  vessels  rolled  to  a  very  great  extent.  Now,  with  regard  to  what  Mr.  Liggins  said  as  to  not 
being  able  to  see  anything  in  the  channel  between  the  two  hulls  when  the  vessel  came  into  Dover, 
and  that  it  was  entirely  choked  up  with  water,  the  fact  is,  that  the  paddles  block  up  the  passage 
right  across.  The  distance  across  I  think  is  22  ft.,  and  the  paddles  are  21  ft.  of  the  whole 
distance  across,  so  that  it  is  impossible  that  could  be  seen  through  unless  you  could  see  through 
the  whole  thickness  of  the  paddle-box. 

Mr.  Liggins  :  I  did  not  say  I  could  not  see  through,  but  what  I  said  was  that  the  channel  was 
blocked  between  the  two.  The  trunk  between  the  two  vessels  was  choked  with  water  from  the  cut- 
water to  the  paddle-wheel.  Captain  Dicey  and  I  cannot  be  talking  of  the  same  day,  because  there  is 
a  gentleman  here  who  was  a  passenger  on  the  day  to  which  I  have  alluded,  and  he  can  confirm  my 
statement. 

Captain  Dicey  :  The  vessel  only  rolled  5  degrees  when  othervcssels  rolled  much  more — 14  or  15 — 
that  is  a  fact  that  cannot  be  denied.  In  the  report  of  the  London,  Chatham,  and  Dover  Company 
which  they  sent  out  to  all  the  shareholders  printed  in  a  small  pamphlet,  they  say  that  the  Calais-Douvres 
always  made  a  faster  passage  than  the  ]\Iaid  of  Kent,  their  best  vessel.  The  Maid  of  Kent  was  always 
looked  on  as  one  of  the  fastest  vessels  in  the  Channel,  but  it  so  happens  that  the  Maid  of  Kent  on  one 
occasion  crossed  over  with  the  Calais-Douvres,  and  the  Calais-Douvres  made  the  passage  in  something  like 
ten  minutes  less  than  the  Maid  of  Kent.  Those  facts  speak  for  themselves.  With  regard  to  one  or  two 
occasions  when  she  made  rather  a  long  passage,  that  was  entirely  owing  to  the  steering  apparatus.. 
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They  steered  by  Bteam,  and  the  steam  gear  frequently  got  out  of  order,  and  detained  the  vessel  both  on 
the  trial  trip  and  on  two  or  three  occasions  afterwards.  Besides,  I  can  safely  say  she  never  went  into 
the  Downs  more  than  twice  I  think  it  was,  and  Captain  Pittock  says  she  was  a  vessel  he  would  not 
hesitate  for  a  moment  about  being  out  in,  in  a  gale. 

A  VisiTOK :  Mr.  Chairman,  allow  me  to  say  a  few  words  in  confirmation  of  what  my  old  friend 
Captain  Dicey  has  said.  I  myself  was  a  passenger  in  the  Calais-Douvrcs  no  less  than  seven  times 
during  the  month  of  September  last.  I  have  had  to  do  with  Captain  Dicey  in  different  parts  of  the 
world — in  India — and  ever  since  I  have  known  him  very  well.  I  joined  him  as  much  from  friendship 
as  speculation  with  regard  to  the  CastaUa,  in  which  unfortunately  I  am  a  shareholder.  I  must  say 
that  a  more  comfortable  vessel  in  a  gale  of  wind  no  man  who  has  gone  round  the  Horn  or  the  Cape 
of  Good  Hope  need  be  in,  and  had  she  capacity  for  carrying  coals,  I  certainly  would  be  glad  to  form 
one  of  the  crew  to  go  a  pleasure  trip  round  the  world  in  the  Castalia  or  the  Calais-Douvres.  As  to  the 
unfitness  of  these  vessels  to  cross  in  bad  weather,  I  must  distinctly  contradict  what  I  have  heard  said 
by  a  gentleman  whose  name  I  do  not  know,  that  there  could  be  anything  like  disagreeableness  in  her. 
On  one  occasion  when  she  crossed  there  were  more  than  500  people  on  board,  and  many  of  them  were 
ill.  In  that  case  there  were  some  relatives  of  my  own,  who  before  they  left  Calais  were  ill  while 
the  ship  was  lying  in  quiet  water,  and  they  were  certainly  very  ill  on  their  way  across,  as  also  were 
many  others.  I  have  knocked  about  the  world  in  all  portions  of  it,  and  in  all  sorts  of  seas,  but  I 
certainly  felt  no  necessity  to  be  ill.  A  great  deal  of  spray  came  over  the  vessel,  which  any  body  could 
see,  but  it  does  not  require  a  sailor  to  tell  you  that  if  there  is  a  large  vessel  which  cannot  possibly 
roll,  the  sea  hits  the  side  of  that  as  it  would  do  the  Dover  Admii-alty  Pier,  and  the  spray  must  fly  in, 
if  the  ship  cannot  give.  AVater  takes  its  shortest  route,  as  Mr.  Scott  Kussell  explained  last  night— water 
will  rise  to  the  surface  by  the  shortest  route,  and  will  come  down  by  the  shortest  route.  The 
comparison  of  the  two  ships  of  course  one  has  nothing  to  do  with.  I  can  quite  verify  what  Mr. 
Liggins  said  about  the  uncomfortable  feeling  in  the  Calais- Do uv res  on  going  down  below  on  such  a  day 
with  everything  open :  the  heat  was  perfectly  unbearable.  That  I  never  experienced  on  board  the 
Castalia.  It  may  be  there  is  something  in  the  form  of  the  Calais-Dovres  which  makes  the  heat  in  her 
so  much  greater  in  excess  of  what  it  is  in  the  CastaUa,  but  you  cannot  avoid  it,  and  by  the  enormous 
sausage-boxes  there  are  on  the  top  of  her  boilers,  which  are  very  nearly  as  large  as  the  boilers,  a  huge 
mass  of  steam  is  kept  in  the  Calais-Douvres  that  does  not  exist  in  the  Castalia.  As  to  the  comfort  on 
deck,  I  think  it  does  not  require  one  who  has  crossed  so  often  in  her  as  myself,  or  the  word  of  Captain 
Dicey,  or  the  word  of  Captain  Pittock,  whom  I  know  well,  who  I  am  quite  certain  will  speak  of  both  the 
vessels  with  the  highest  praise,  to  show  that  if  400  people  can  go  on  board  that  vessel  with  plenty  of 
air,  they  must  have  travelled  in  greater  comfort  than  on  the  deck  of  a  vessel  that  does  not  represent 
one-sixth  of  the  superficial  space.  The  deck  must  convince  you  all  of  it.  As  to  the  great  comfort  of 
the  twin  ship,  that  is  thoroughly  secured.  As  to  the  speed,  that  is  quite  another  matter.  Mr.  Harland 
has  explained  from  a  shipbuilder's  point  of  view,  I  should  say,  that  the  whole  arrangements  were  xery 
unsatisfactory,  but  I  think  myself,  we  need  not  despair  of  having  a  vessel  presenting  such  a  very  large 
skm  friction  being  propelled  at  as  good  a  pace  as  a  vessel  with  one-half,  whether  we  get  it  by 
putting  an  enormous  excess  of  horse-power,  as  Mr.  Leslie  has  done  in  the  Calais-Douvres,  or  by  some 
other  adaptation,  whether  paddles  or  screws,  or  something  we  know  nothing  about  at  present ;  but  I 
feel  convinced  that  attempts  should  be  made  to  di-ive  this  form,  because  though  we  hope  large  harbours 
will  be  made  both  on  this  side  and  on  the  French  side,  still  certainly  our  grandchildren  wiU  not  have 
an  opportunity  of  crossing  over  in  such  vessels  as  go  between  Holyhead  and  Kingstown.  The  time  it 
will  take  to  build  those  harbours  will  see  us  all  in  another  state  of  existence,  and  I  think  we  must  not 
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despair  of  being  able  to  propel  these  twin  vessels  at  a  speed  far  in  excess  of  any  boats,  whether  they 
run  from  Calais  to  Dover,  or  across  the  great  Atlantic.  As  to  the  form  of  this  vessel,  I  may  remark 
that  it  is  very  old.  I  may  mention  that  I  am  acquainted  with  a  gentleman  who  was  in  this  room 
this  morning,  a  well-known  engineer  in  the  north  of  England,  a  relative  of  mine,  who  made  experi- 
ments forty  years  ago  on  the  hulls  of  twin  ships.  Some  of  the  drawings  of  those  ships  I  have  seen. 
They  commenced  with  the  single  hull  cut  in  half  with  straight  sides,  and  he  then  gradually  altered 
the  form,  putting  in  slightly  developed  bows  on  the  inner  side,  and  he  went  on  until  he  got  both  bows 
and  both  hulls  equal.  He  found  by  actual  experiment  that  the  straight  line  was  that  which  with 
the  same  power  gave  the  greatest  speed.  I  think  from  what  we  have  heard  of  the  easy  way  in  which 
the  Castaliais  driven  with  about  1,220  horse  power  nominal  as  compared  with  the  enormous  power  of 
the  Calais-Douvres,  if  the  experiments  were  carried  further  by  separating  these  large  models  for  every 
inch  that  they  were  separated  from  being  one  hull,  it  would  be  found  that  the  speed  decreased  with  the 
same  power. 

Mr.  G.  C.  Mackrow  :  I  will  say,  gentlemen,  that  I  had  no  thought  of  bringing  forward  this 
paper  to  advocate  the  system.  It  was  merely  to  present  to  the  Institution  the  results  that  I  have 
noticed  in  connection  with  her.  I  think  the  system  itself  is  before  the  public,  and  everyone  must 
judge  for  himself  of  its  value.  With  regard  to  Mr.  John's  remarks,  I  may  say  I  was  very  glad, 
of  course,  when  so  many  conflicting  opinions  were  abroad  as  to  the  construction  of  this  vessel,  to  have 
Messrs.  Lloyd's  at  my  back.  Everyone  who  came  to  see  the  vessel  at  the  works  during  her  construction 
expressed  their  fears  that  we  should  come  to  grief  sooner  or  later,  and  of  course  it  was  a  responsible 
position  for  the  servant  of  a  large  company  to  be  placed  in.  And  I  was  very  glad  to  find  that  I  had  the 
full  support  of  Messrs.  Lloyd's  in  what  we  had  undertaken.  Then,  with  regard  to  Mr.  Liggins'  remarks, 
I  believe  Captain  Dicey  and  others  have  fully  met  them.  I  might  say,  with  regard  to  the  remarks  Mr. 
Harland  has  made  as  to  the  cutting  away  of  the  floats,  that  was  the  very  fii'st  thing  we  did  after  the 
first  time  we  went  down  the  river.  The  very  night  we  brought  up  at  Gravesend,  the  first  thing 
we  did  was  to  cut  away  some  6  or  8  inches  from  each  end  of  the  floats,  as  it  was  feared  that 
the  water  was  jamming  between  the  ends  of  the  floats  and  the  ship's  side.  This  cutting  process  went 
on  until  eventually  we  found  her  fitted  with  those  patent  floats  of  Mr.  Aston,  which  consist  of  two 
6-inch  angle  irons  placed  vertically  side  by  side.  I  was  not  present  at  the  trial,  but  it  was  reported 
that  she  had  made  the  same  speed  as  with  the  ordinary  horizontal  floats.  With  regard  to  Mr.  Parker's 
remarks,  or  rather  inquiry,  as  to  who  was  responsible,  I  might  say  that  Messrs.  Blyth  had  undertaken 
originally  the  whole  contract  for  the  ship,  and  for  the  engines.  Some  experiments  had  been  tried,  I 
think  by  the  Channel  Steamship  Comj)any,  on  two  vessels  lashed  together  above  bridge,  but  I 
myself  have  never  attached  much  importance  to  those  experiments,  for  this  reason,  that  they  were 
not  tried  under  the  same  conditions  as  in  the  Castalia,  inasmuch  as  you  have  wheels  on  the  outside  as 
well  as  the  inside,  and  I  think,  as  I  have  endeavoured  to  show  in  the  paper,  that  it  is  owing  to  the 
wheels  being  placed  on  the  inside  that  we  meet  with  this  enormous  amount  of  resistance.  I  should 
be  very  glad  indeed  to  see  the  engines  reversed,  and  see  those  wheels  simply  placed  on  the  outside 
of  the  hull.  No  one,  I  fear,  will  undertake  any  such  experiment,  but  it  certainly  would  be  very 
satisfactory.  I  think  wc  should  find  then  no  very  great  difference  between  the  performance 
of  this  vessel  and  an  ordinary  vessel.  Mr.  Harland  has  shown  us  clearly  at  what  depth  below  the 
hull  of  the  vessel  the  particles  of  water  are  found  in  motion  in  connection  with  the  hull.  If  you 
notice,  in  the  paper  I  have  drawn  attention  to  what  I  believe  is  the  action  taking  place  in  an  athwart- 
ship  direction,  and  if  that  is  the  case,  and  we  carry  those  particles  of  water  down  to  3  feet  below 
the  bottom  of  the  hull,  it  actually  amounts  to  an  increase  of  the  midship  section  of  the  vessel  to 
another  3  feet  of  depth.    Of  course  Mr.  Leslie  is  deserving  of  all  the  credit  that  Mr.  Parker  gives 
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to  him,  but  certainly  you  must  bear  this  in  mind,  that  Mr.  Leslie  had  the  Castalia  to  experiment 
upon,  which  we  had  not.  I  think  I  have  met  the  inquiry  as  to  who  was  responsible.  Of  course  we 
were  hoping  against  hope.  It  was  an  experimental  vessel.  We  undertook  to  build  it  entirely  from 
a  commercial  point  of  view,  and  certainly  when  it  was  proposed  to  us  we  felt  very  timid,  and 
we  have  sometimes  to  refuse  to  entertain  propositions  when  they  are  so  exceedingly  wild ;  but 
seeing  how  desirable  it  was  to  have  steamers  suitable  for  the  passage  across  the  Channel,  we  felt 
disposed  to  run  some  risk  ;  but  it  was  not  in  the  power  of  the  Directors  of  the  Thames  Iron  Company 
to  expend  large  sums  of  money  upon  costly  experiments  involving  considerable  outlay,  especially  as 
it  was  in  a  matter  that  they  themselves  were  to  derive  no  especial  benefit  from.  Such  experiments 
devolved  upon  the  Channel  Steamship  Company.  I  can  only  thank  you,  gentlemen,  for  the  kind  way 
in  which  you  have  received  the  paper,  and  say  this,  that  while  I  gave  notice  under  pressure  that  I  would 
contribute  a  paper  some  few  months  ago,  I  really  left  it  until  the  last  moment,  but  I  should  have  been 
very  glad  indeed  if  a  paper  of  more  value  had  been  forthcoming.  When  I  heard  towards  the  close  of 
the  time  that  nothing  presented  itself  of  more  value,  as  the  Council  judged,  I  then  had  barely  time 
to  prepare  the  plans  and  the  paper ;  I  have,  however,  presented  it  to  you  to-day  in  the  best  possible 
form  that  I  could. 

The  President  :  We  must  all  feel,  I  am  sm-e,  very  much  obliged  to  Mr.  Macki-ow  for  the 
very  interesting  paper  which  he  has  contributed,  and  for  the  interesting  discussion  which  it  has 
elicited  from  the  gentlemen  present. 
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By  J.  T.  Milton,  Esq.,  Member. 

[Read  at  the  Twentieth  Session  of  the  Institution  of  Naval  Architects,  4th  April,  1879,  the  Eight  Hon. 
Lord  Hampton,  G.C.B  ,  D.C.L.,  President,  in  the  Chair.] 


Of  all  parts  of  marine  engines  that  which  requires  to  be  renewed  most  frequently  is  the  crank- 
shaft. The  majority  of  break-downs  of  machinery  at  sea  are  caused  by  broken  shafts,  whilst 
those  that  break  at  sea  are  a  small  portion  of  the  total  number  which  are  condemned 
and  replaced  owing  to  serious  flaws  being  discovered  in  them.  The  great  expense  and  incon- 
venience arising  from  the  detention  of  vessels  when  being  fitted  with  new  shafts  have  led  to 
the  adoption  by  most  engineers,  in  large  engines,  of  crank- shafts  made  in  two  halves,  each 
half  being  a  duplicate  of  the  other,  so  that  in  the  event  of  a  break-down  one  half  only  has  to 
be  renewed  :  and  it  is  also  the  practice  of  some  engineers,  not  only  to  make  their  shafts  in 
similar  halves,  but  to  make  each  half  reversible,  so  that  in  the  event  of  a  flav?  appearing  in 
any  bearing,  it  can  be  turned  into  the  forward  bearing,  upon  which  no  twisting  strain  comes. 
Now,  there  must  be  some  cause  or  causes  for  this  great  mortality  amongst  shafts,  and  any 
discussion  on  this  subject  which  would  reveal  the  cause  or  causes,  and  at  the  same  time 
suggest  a  remedy  for  the  evil,  would  be  of  great  interest. 

Crank -shafts  might  fail  through  being  originally  made  of  insufficient  diameter  for  the 
work  for  which  they  are  designed,  and  in  at  least  one  noted  case  this  was  no  doubt  the  reason  ; 
but  in  the  majority  of  marine  engines  this  is  not  the  case,  yet  they  sometimes  break  after  only 
a  few  months*  work.  Another  cause  which  might  lead  to  their  failure  is  bad  forging,  and 
although  the  fractures  of  shafts  have  in  some  instances  shown  either  that  the  material  was 
bador  that  the  piling  of  the  iron  was  defective,  yet  in  very  many  broken  shafts  the  material  is 
thoroughly  good.  If  the  material  is  good,  and  the  shaft  is  of  proper  dimensions,  and  yet 
comes  to  grief,  it  must  be  through  its  being  subjected  to  some  specially  severe  strains,  greater 
than  those  due  to  ordinary  working.  It  is  to  the  consideration  of  some  of  these  strains  that 
this  paper  is  devoted. 

That  some  abnormal  strain  is  the  cause  of  flaws  occurring  in  shafts  is  borne  out  by  the 
fact  that  in  many  shafts  flaws  are  observed,  marked  at  the  ends,  and  carefully  watched  to  see 
if  they  extend,  and  the  shafts  then  run  for  months,  and  sometimes  even  for  years,  at  full  power 
without  any  extension  of  the  flaws,  whilst  the  shaft  must,  in  its  flawed  state,  be  weaker  than  before. 

Most  of  the  flaws  for  which  crank- shafts  are  condemned  occur  at  the  angle  between  the 
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web  of  the  crank  and  the  journal  or  crank  pin,  at  the  place  where  the  forging  is  most  likely  to  be 
defective,  and  they  are  evidently  produced  more  by  bending  strains  than  by  twisting ;  at  these 
places  the  change  of  form  of  the  shaft  throws  great  local  stresses  on  the  material,  and  there  can 
be  no  doubt  that  if  these  parts  are  made  with  a  large  radius  the  strength  of  the  shaft  is  materially 
increased. 

Amongst  the  causes  which  tend  to  throw  great  strains  on  the  shafting  may  be  mentioned 
the  presence  of  water  in  the  cylinders,  slackness  of  the  brasses,  and  also  the  bearings  being 
out  of  line.  It  is  very  difficult  to  calculate  the  amount  of  strain  produced  by  the  first  of  tliese 
causes  quantitatively,  as  it  depends  upon  the  pressure  which  would  open  the  relief  valve  or  force 
the  slide  valve  off  the  face,  and  thus  afford  an  outlet  for  the  water,  and  it  is  only  too  common 
to  find  the  relief  valves  either  set  fast  in  their  seats,  or  their  springs  rusted  up  solid,  but  on  the 
supposition  of  the  crank  being  very  near  the  centre,  the  piston  and  cylinder  cover,  or  bottom, 
being  absolutely  rigid  and  there  being  no  outlet  for  the  water,  the  leverage  of  the  other  engine 
would  be  sufficient  to  produce  an  almost  infinite  force  in  the  connecting  rod,  so  that  it  is  easily 
seen  that,  practically,  water  in  the  cylinders  might  produce  an  excessive  bending  strain  on  the  shaft. 

It  is  also  difficult  to  estimate  quantitatively  the  strain  produced  by  slackness  of  the  brasses, 
but  in  most  engines  the  amount  of  steam  cushioning  is  sufficient  to  reverse  the  direction  of  the 
pressure  on  the  piston  before  the  end  of  the  stroke,  and  the  change  of  pressure  in  this  case 
being  gradual  the  slackness  of  the  brasses  is  taken  up  gradually.  In  some  cases,  however,  where 
there  is  no  cushioning  the  reversal  of  pressure  takes  place  at  the  end  of  the  stroke  by  the  full 
steam  pressure  coming  on  the  piston  suddenly,  and  a  blow,  and  consequently  an  impulsive  strain, 
is  thrown  on  the  shaft,  the  intensity  of  the  strain  depending  upon  the  amount  of  slackness  of 
the  brasses. 

The  effect  of  the  bearings  being  out  of  line  is  to  throw  the  greater  part  of  the  supporting 
forces  of  the  shaft  upon  one  particular  bearing  ;  and  although  it  is  improbable  that  a  very 
unequal  distribution  of  the  forces  at  the  bearings  would  long  escape  attention,  owing  to  the 
bearings  becoming  hot,  yet  in  the  case  of  a  hot  bearing,  to  which  all  engines  are  at  times  hable, 
the  usual  practice  of  slacking  back  the  nuts  of  the  cap  entirely  relieves  the  bearing  of  all 
pressure  on  the  up  stroke,  and  for  the  up  stroke  at  least  the  shaft  is  in  the  position  of  having 
one  bearing  taken  entirely  away,  whilst  if  two  bearings  were  to  heat  at  the  same  time  the  case 
would  of  course  be  rendered  still  more  serious. 

In  endeavouring  to  calculate  the  strains  actually  coming  upon  a  crank-shaft,  we  meet  with 
a  little  difficulty.  The  forces  acting  upon  the  crank-pins  are  found  directly  from  the  indicator 
diagrams,  and  from  them  the  twisting  moments  on  the  journals  are  very  easily  calculated,  but 
the  twisting  on  the  crank-pins,  and  also  the  bending  strains  on  both  the  pins  and  journals, 
depend  also  upon  the  forces  exerted  at  the  bearings ;  even  when  the  bearings  are  absolutely 
true  these  supporting  forces  are  difficult  if  not  absolutely  impossible  to  calculate  exactly,  owing 
to  the  want  of  continuity  of  the  shaft  itself,  but  when  the  bearings  are  slightly  out  of  line  the 
problem  is  still  further  complicated. 

I  have  made  some  calculations  of  these  strains  in  the  cases  of  five  engines  of  difierent 
types,  for  the  purpose  of  ascertaining  the  extent  to  which  they  might  be  increased  by  the  bear- 
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ings  being  out  of  line.  In  order  to  do  this,  I  have  found  the  strains  on  the  various  journals 
and  crank-pins  under  ordinary  conditions,  and  also  under  the  conditions  that  would  exist  if 
one  of  the  bearings  were  taken  away,  this  representing  a  limit  beyond  which  the  effect  of  untrue 
bearings  is  unlikely  to  proceed,  whilst,  as  I  have  noted,  it  is  by  no  means  an  unlikely  condition 
for  the  shaft  to  be  in.  The  strains  are  represented  by  the  diagrams,  the  base  line  representing 
the  angular  position  of  the  crank-shaft,  in  all  cases  starting  from  the  forward  crank  upon  the 
top  centre,  whilst  the  heights  of  the  curves  at  any  ordinate  represent  on  the  scale  attached,  the 
strain  the  shaft  is  subjected  to  in  that  position.  The  curves  show,  first,  the  twisting  moment ; 
secondly,  the  bending  moment ;  and  thirdly,  the  twisting  moment  which  would,  if  acting  alone, 
produce  the  same  strain  on  the  shaft  as  the  bending  and  twisting  moments  combined. 

In  all  these  cases  I  have  taken  into  consideration  the  weight  and  inertia  of  the  moving 
parts,  and  also  the  obliquity  of  the  connecting-rod,  as  I  find  the  results  very  different  from 
those  obtained  by  neglecting  them ;  but  in  considering  the  bending  moments  I  have  assumed 
that  the  forces  upon  the  bearings  are  concentrated  at  their  centres,  instead  of  being  distributed 
along  their  length.  This  gives  a  result  rather  greater  than  would  be  obtained  if  we  considered 
them  uniformly  distributed,  but  as  the  same  assumption  has  been  made  in  the  case  of  the 
bearings  being  taken  away,  the  ratio  of  the  strains  in  the  two  cases  is  lessened,  because 
distributing  the  forces  has  a  greater  effect  when  the  bearings  are  close  than  when  they  are 
far  apart 

I  have  considered  it  unnecessary  to  examine  the  cases  in  which  the  third  or  fourth 
bearings  are  adrift,  as  they  will  be  practically  the  same  as  with  the  second  or  first  bearing 
adrift.  In  all  the  cases,  I  have  taken  the  forces  at  the  bearings  to  be  the  same  as  they  would  be 
provided  the  shaft  were  of  uniform  section  throughout,  this  being  considered  to  be  as  near  an 
approximation  as  could  be  made.    (For  a  mathematical  solution  of  this  problem,  see  Appendix.) 

The  first  and  simplest  case  that  I  have  taken  is  that  of  a  single  engine,  which  I  will  call 
Engine  A.  I  have  taken  one  of  the  compound  type — in  fact,  the  half  of  Engine  B  (high  pres- 
sure cylinder  48  inch,  and  low  pressure  83  inch  diameter;  length  of  stroke  5  ft.,  steam 
pressure  70  lbs.  per  square  inch).  In  this  case  the  forces  at  the  bearings  must  be  nearly  alike, 
and  the  bending  moment  on  the  crank-pin  will  be  half  the  load  on  piston  by  half  the  span  of 
bearings :  the  strains  in  this  case  are  shown  in  Fig.  1^,  Plate  XV.  If,  however,  the  effect 
of  the  other  bearings  was  to  support  the  shaft,  so  as  to  put  it  in  a  similar  condition,  as 
far  as  bending  is  concerned,  as  a  girder  fixed  at  one  end  and  supported  at  the  other,  the 
maximum  bending  moment  is  three-fourths  of  that  given  above,  but  it  occurs  in  the  aft 
bearing :  the  strains  on  this  supposition  are  shown  by  Fig.  2"^,  Plate  XV.  The  actual  strain 
must  lie  between  these  two  cases,  and  must  be  considerably  nearer  the  first. 

If,  now,  we  suppose  the  first  bearing  to  be  taken  away,  the  strains  on  the  after  journal  are 
shown  by  Fig.  S\  Plate  XV. 

From  these  diagrams,  it  appears  that  in  the  best  working  condition  the  shaft  is  strained 
1-38  times  as  much  as  it  would  be  by  the  twisting  moment  acting  alone,  such  a  strain  as,  in 
fact,  comes  upon  the  tunnel  shafting,  whilst  the  effect  of  taking  away  the  support  of  the 
forward  bearing  is  to  double  the  strain  on  the  shaft. 
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The  twisting  moment  on  the  after  bearing,  and  also  on  the  tunnel  shaft,  is  shown  by  the 
curve  in  Figs.  2*^  and  3*  (Plate  XV.),  and  from  them  it  appears  that  in  this  engine  the 
maximum  twisting  strain  is  2-1  times  the  mean. 

The  next  case,  Engine  B,  is  that  of  a  compound  engine  with  four  cylinders,  the  cranks 
being  at  90°.  The  high-pressure  cylinders  are  48  in.  diameter,  the  low  83  in.  ;  length  of 
stroke,  5  ft. ;  steam  pressure,  70  lbs.  per  square  inch.  This  type  of  engine  might  also  be 
taken  to  represent  the  simple  engine  with  two  equal  cylinders,  cranks  at  right  angles.  Fig.  B 1 
(Plate  XVI.),  represents  the  twisting  moments  exerted  by  each  engine  ;  the  upper  curve  repre- 
sents the  sum  of  the  moments  on  the  two  engines,  and  is,  therefore,  the  strain  on  the  tunnel 
shaft.  Figs.  B  2,  B  3,  B  4,  and  B  5  (Plate  XVI.),  represent  the  twisting,  bending,  and  also  the 
equivalent  twisting  moment  upon  the  forward  crank-pin,  second  and  third  bearings,  and  after 
crank-pin  when  the  engine  is  in  good  working  condition.  It  will  be  seen  that  the  greatest 
strain  comes  upon  the  after  crank-pin.  Figs.  B  6,  B  7,  and  B  8  (Plate  XVI.),  represent  the  strains 
upon  the  second  bearing,  third  bearing,  and  after  pin,  on  the  supposition  of  the  first  bearing 
being  taken  away  :  in  this  case  the  second  bearing  is  most  strained.  Figs.  B  9,  B  10,  and  Bll 
(Plate  XVI.),  represent  the  strains  upon  the  forward  pin,  third  bearing,  and  after  pin,  upon  the 
supposition  of  the  second  bearing  being  taken  away :  in  this  case  the  forward  pin  is  most 
strained. 

In  this  engine  it  appears  that  the  ratio  of  greatest  to  mean  twisting  moments  in  the 
tunnel  shaft  is  1"37  to  1 ;  the  crank  shaft  is  subjected  to  a  strain  equal  to  that  which 
would  be  caused  by  a  twisting  moment  1"15  times  the  greatest  twisting  moment  in 
the  tunnel  shaft,  when  the  engines  are  in  good  working  order;  whilst  the  first  bearing, 
being  adrift,  causes  a  strain  on  the  shaft  twice  as  great  as  that  due  to  ordinary  working,  and 
the  second  bearing  adrift  cauiies  the  shaft  to  be  strained  1'36  times  as  much  as  when  the 
bearings  are  in  proper  order. 

The  next  case,  Engine  C  (see  Plate  XVIL),  is  that  of  the  commonest  type  of  marine 
engine,  viz.  compound,  with  two  cylinders  and  cranks  at  right  angles ;  and  Engine  D  (see 
Plate  XVIII.)  is  also  of  the  compound  type,  but  the  cranks  are  at  an  angle  of  130°:  in 
each  case  there  are  four  bearings  to  the  crank-shaft.  Engine  C  has  cylinders  of  44  and 
72  in.  diameter,  a  stroke  of  3  ft.  6  in.,  and  steam  pressure  of  60  lbs.,  whilst  Engine  D  has 
cylinders  of  26  and  52  in.  diameter,  a  stroke  of  2  ft.  6  in.,  and  steam  pressure  of  80  lbs.  per 
square  inch. 

The  figures  with  the  same  numbers  represent  the  strains  on  the  same  parts  of  the  shaft 
as  in  Engine  B,  under  the  same  conditions.  It  will  be  noticed  that  in  Engine  C  the  ratio  of 
maximum  to  mean  twisting  moment  is  1*48  to  1,  whilst  in  Engine  D  the  ratio  is  1*77  to  1. 
In  both  engines,  in  ordinary  working,  the  after  crank-pin  is  the  part  which  is  most  strained  : 
in  Engine  C  it  is  strained  I'll  times  that  due  to  greatest  twisting  moment,  while  in  Engine 
D  it  is  strained  1  "05  times  as  much  as  the  tunnel  shafting.  If  the  first  bearing  is  taken  away 
the  shafts  are  strained  in  Engine  C  to  twice,  and  in  Engine  D  to  1'46  times  that  due  to  ordinary 
working,  while  slacking  second  bearing  increases  the  strain  on  the  shaft  in  the  ratios  of  1'43 
and  1"06  times  in  the  two  engines. 
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The  next  case,  Engine  E  (see  Plate  XIX.),  is  also  that  of  a  compound  engine  with  two 
cylinders  ;  the  cranks  in  this  case  are  set  at  an  angle  of  135°,  but  there  are  only  three  bearings 
to  the  crank-shaft ;  the  diameters  of  the  cylinders  are  34  and  60  in.,  the  stroke  is  3  ft.,  and 
steam  pressure  60  lbs.  per  square  inch.  Fig.  E  1  represents  the  twisting  moments  or  tunnel 
shafting,  the  ratio  of  maximum  to  mean  being  in  this  case  1'94  to  1.  Figs.  E  2,  E  3,  and 
E  4  represent  the  strains  on  the  forward  pin,  middle  bearing,  and  after  pin,  in  ordinary 
working ;  in  this  case  also  the  after  pin  is  the  greatest  strained,  it  having  to  sustain  1*21  times 
the  moment  on  the  tunnel  shafting.  Figs.  E  5  and  E  6  represent  the  strain  on  the  middle 
bearing  and  after  pin  when  the  first  bearing  is  taken  away.  In  this  case,  we  see  that  the  shaft 
is  strained  twice  as  much  as  in  ordinary  working,  whilst  when  the  middle  beariug  is  adrift,  the 
strains  being  represented  by  Figs.  E  7  and  E  8,  the  shaft  is  strained  1-28  times  as  much  as 
in  ordinary  working. 

These  results  show  what  a  great  influence  upon  the  strains  acting  on  a  crank-shaft  the 
position  and  truth  of  the  bearings  exert ;  and  in  considering  these  strains  it  is  to  be  borne  in 
mind  that  it  often  happens  that  other  causes  are  also  at  work  increasing  the  strains  on  the 
shafting  at  the  same  time  :  for  instance,  we  might  have  slack  brasses  in  the  connecting  rods, 
hammering  on  the  shaft  at  the  same  time  that  the  bearings  are  adrift.  It  must  also  be  noted 
that  they  are  not  strains  which  come  only  a  few  times  on  the  shaft,  for  with  the  engines 
making  60  revolutions  per  minute  they  would  be  repeated  1,000  times  in  seventeen  minutes, 
whilst  in  the  case  of  the  bearings  being  set  out  of  line,  the  strains  this  would  cause  (reckoning 
it  only  once  per  revolution)  would  be  repeated  upwards  of  86,000  times  in  the  course  of  the 
day,  when  running  at  60  revolutions  per  minute. 


Ratio  of  Maximum  to 
Mean  Twisting 
Moments. 

Ratio  ot  greatest  stress 
on  Cranli  Shaft  to  that 

on  Tunnel  Shaft  in 
proper  working  order. 

Ratio  of  greatest  stress 
on  Shaft  with  first 
Bearing  taken  off  to 
that  when  in 
proper  working  order. 

Ratio  of  greatest  stress 
on  Shaft  witli  second 
Bearing  taken  off  to  • 
that  when  in 

proper  working  order. 

21 

1-38 

2-0 

1-37 

115 

2  0 

1-8G 

1-48 

111 

2-04 

1-43 

1-77 

105 

1-46 

1-06 

Engine  E  

1-94 

1-21 

205 

1-28 
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APPENDIX. 

In  a  girder  of  uniform  section,  supported  on  four  piers  and  loaded  in  the  two  end  spans,  to  determine  the 

supporting  forces. 


3 


Let  a  B  C  D  E  F  be  the  girder,  A,  C,  D,  F,  the  piers,  B  and  E  the  points  of  appHcation  of 
the  loads. 

Call  the  supporting  forces  A,  C,  D  and  F,  and  let  B  and  E  represent  the  loads,  all  being 
measured  positive  in  same  direction. 

Let  AF  =  fl,  BF  =  6,  CF  =  c,  !>¥  =  d,'EF  =  e;  take  F  as  origin,  and  F A  as  axis 

of  X. 

We  shall  have  the  equations  to  Moments,  Inclination  and  Deflection  in  span  E  F 
involving  all  the  forces,  A,  B,  C,  D  and  E,  and  the  spaces- a,  h,  c,  d,  and  e ;  those  in  span  D  E 
will  be  the  same  equations  with  the  terms  involving  E  and  e  omitted,  and  so  on. 

The  Integration  constants  will  be  different  in  the  different  spans,  and  are  represented  by 
the  suffixes  to  L  and  K,  L^  and  K4  referring  to  span  E  D. 

In  the  following  equations  all  of  these  constants  have  been  determined,  but  to  determine 
the  supporting  forces  it  is  not  necessary  in  individual  cases  to  work  them  all  out. 
We  have  equation  to  bending  moment  at  point  x. 

M  =  A  {a  -  x)  +  B{b  -x)  +  C{c  -  x)  +  'D  (d  -x)  +  E{e-  x)  =  'pL  E.I. 

K  being  the  integration  constant. 

2/.E.I.  =  A(— .  .  .  +e(--  g)  +  K.  +  L    .       .       .  (^), 

We  may  omit  E.I.  throughout,  as  we  are  not  required  to  find  numerical  values. 

These  are  the  general  equations  ;  those  for  the  particular  spans  are  obtained  from  them 
by  the  omission  of  all  terms  referring  to  forces  or  distances  between  these  spans  and  the 
origin,  as  explained  above. 

Now  in  span  5,  if 

X  =  0,  y  —  0  .-.  from  equation  (/3)  L5  =  0  .       .       .       .  (1), 
also,  if  x  =  e,  y  =  I/,; 

A  A 
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In  span  4,  if  x  =  e,  y  =  y,. 

.-.  E^'+K,+  L,e  =  K4e  +  L,    ....  (2). 
Also  in  span  4,  if  ^  =    y  =  y^, 

In  span  3,  when  x  =  d,  y=y^ 

.  /« d''      d^\  „  Ic  d^      d'\  . 

.-.  D^'  +  K4<i+L,  =  K3rf  +  L3     ....  (3). 

In  span  3,  when  ^  =  c,  y  =  y„ 

^        "  e)  +  •  •  •  +  ^  +        +  L3  =  2/, ; 

and  in  span  2,  when  ^  =  c,  y  =  y„ 

whence 

Cg  +K3C  +  L,  =  Kc  +  K    ....  (4). 

Similarly  we  obtain 

B^'  +  K  6  +  L3  =  Ki6  +  L,    .       .       .       .  (5), 
and  in  span  1,  since  if                        x  =  a,y  =  0, 
We  have  A^'  +  Ka  +  Li  =  0  (6). 

From  equation  (a)  we  obtain — 


In  span  5,  if  ^  ^  ^  1]/  ^  ^  ^ 

^  dx  ' 


In  span  4,  if  ^^^^  jj/ ^  . 

ate 


i  =  A(a<?  -  Q  +  .  .  .  +  '0[de  -  + 


whence 


^  +  K,  =  K,    .      .       .       .  (7), 
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Similarly  by  equating  results  for  other  spans,  we  get 

-g-  hK,  =  K3   .      .      .      .  (8), 

V  +  ^  =  K.  ....  (9), 
-j-  +  K,  =  K     .       .       .       .  (10). 

These  ten  equations  enable  us  to  express  .  Kg,  Li  .  .  .  Lg  in  terms  of  A   .  .  E, 

a  .  .  .  e. 

From  (2)  and  (7)  we  obtain 


from  (3)  and  (8), 
similarly, 

also  from  (1), 
whence  also, 


T  T 


T  T 


From  (6)  we  have 


L,  =  0, 


L4=-^E^, 

L3  =  -  g(E^  +  Dd»), 

Lj  =  -  g  (E    +  D     -  C  c^ 

Li  =  -  ^  (E    +  D     +  C  c»  +  B  b'). 


K,a  =  -  Li  —  ; 

Ki  =  -^(Ee^+  .  .  .  +  Bb'-2Aa'), 
b  a 


and  from  (10),  (9),  (8),  and  (7),  K^,  K3,  K^,  and  K5  can  be  determined. 

These  equations  hold  good  whether  points  D  and  C  are  in  Ime  with  A  and  F  or  not ;  or 
in  other  words,  the  integration  constants  are  the  same  whether  the  girder  is  just  touching  the 
piers  D  and  C  before  being  loaded  or  not. 
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To  obtain  the  actual  values  of  supporting  forces  in  the  case  where  the  unloaded  girder 
would  just  touch  the  piers  we  have  in  equations  (7)  and  (S) 

2/i  =  0  and     =  0, 

whence  a("|' -?)+...+ c(5| -?)  + K..  +  L.  =  0  .  .(„, 

and 


also  we  have  the  conditions  of  equilibrium 

A  +B  +C  +D  +E  -t-F=:0. 
Aa  +  Bb  +  Gc  +  Bd +  Ee  =0. 

making  four  equations  to  determine  the  four  quantities. 


(0. 
(0, 


Example. — Suppose  d  =  2e,  c  =  4:e,  b  =  5  e,  a  =  6e,  v^e  have 
L3=  -l'(E  +  8D), 

=  -  ^(E  +  8D  +  64  05) 

Kj  =  I^E  +  8D  +  64  0  +  325B  -  432 A); 

.-.    Kj  =  ^(E  +  8D  +  64  0  -  325B  -  432A), 

do 

K3  =  ^  (E  +  8D  -  224  0  -  325B  -  432 A). 

Substituting  these  values,  (7)  and  (g)  become 

240  A  +  169  B  4-  104  0  +  16  D  +  2  E  =  0  ) 
and  192  A  +  122  B  +   64  0  +   8  D  +    E  =  0 
also     6A+     5B+     40+   2D+    E  =  0 

whence, 


A  =  - 
D  =  - 


48B  +  3E 

120  ' 
87E  -  18B 
120 


0  =  - 
.-.  F=.  - 


87B  -  18E 

120 
48E  +  3B 

120 


As  a  second  case  we  will  now  assume  the  support  at  A  withdrawn. 
The  equations  will  be  the  same  with  the  terms  A  and  a  omitted,  and  there  will  be  no 
terms  involving  suffix  1. 

We  shall  have  as  before. 


(11). 
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and 


and  from  these  we  get  as  before, 


and  also  as  before, 
whence 


■L^s  -  Lj  =  -g-  , 

0, 

Ee* 
"6"' 

u 

Also  from  equation  (8)  we  get 
since  tj  =  0  when  a:  =  c,  and  in  this  case  A  =  0, 


B 


.-.  K,c  =  g(Ee^+Dd'+Cc')-B(^-g); 

.-.        =i-(E.3  +  D</^  +  Cc3)-B(^'-6), 

and  from  equations  (12)  we  may  obtain  Kg,  K4,  and  Kg. 

To  obtain  actual  values  of  supporting  forces  we  have  as  before, 

equation  (7) 
to  find  C,  D,  and  F. 


2  6> 
Bb  +  Cc +  'Dd +  Ee  =  0 
andB  +  C  +  D  +  E  +  F  =  0 


Example. — Same  girder  as  before, 

L3=-^(E  +  8D), 


K.=  gl(E^  +  D.3  +  Cc3)-B(^-0. 
=  ^  (E  +  8  D  +  64  C)  -       (60  -  16), 
=  1^  (E  +  8  D  +  64  C  -  176  B), 


2 


K.-       =  ^^(E  +  8D  -  128G  -  176B), 
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therefore  equations  (13)  become 
which  reduces  to 


^  B  +  y  C  +  ^  (E  +  S  D  -  12S  C  -  176 B)  -  ^  (E  +  8D)  =  0, 


72  B  +  48  C  +  8  D  4-  E  =0] 
and    5B  +  40  +  2D  +  E        =  o[, 
and      B+      0+    D  +  E  +  F  =  o) 

from  which  we  obtain 

8E-52B  24B  -  22E  _4B_+13E 

^  -        32       '       -         32        '       -  32 


The  next  case  to  consider  is  where  the  second  pier  or  support  C  is  wanting.  This  is  also 
the  case  of  a  gu-der  supported  on  three  piers,  and  loaded  in  each  span. 

"We  mav  conveniently  deduce  this  case  direct  from  the  general  case,  by  assuming  the 
support  C  to  move  indefinitely  near  to  D,  that  is  let  c  =  d,  and  the  supporting  force  will  then 
evidently  be  C  +  D. 

We  then  get  the  equations 

=  0, 

L.=  -  \{^^% 

L,  =  -  g(E.'»  +  Dd^), 

L.,  =  -  ^  (E    +  D     +  C  (J"), 
o 

L,  =  -^(E^  +  D(f^+C<f'  +  B  V), 
oa 

And  to  obtain  actual  values  of  A,  C  +  D  and  F  we  have  (Note  :  (7)  and  (S)  become  identical, 
having  reference  to  same  point) — 

and  Aa  +  Bb  +  Cd  +  I>d  +  Ee  =  0, 
A  +  B  +  C  +  D+  E  +  F=0, 

three  equations  from  which  to  obtain  A,  (D  +  C)  and  F. 


Example  as  before,  a  =  6e,  h  =  5e,  c  =  d  =  2€, 

L,=  -  6  {E  +  8(D  +  C)}, 

Kj  =  gg  {E  +  8  (D  +  C)  +  125  B  -  432  A}, 
86 


K  =      {E  +  8(D  +  C)  -  325B  -  432 A}, 
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(B)  becomes 


+  — +1(E  +  8(D  +  C)-  325B-  432A}  _  J{E  +  8(D  +  C)}  =  0, 
3  3  18 


or 


whence 


240A  +  1G9B  +  1G(D  +  C)  +  2E  =  0) 
6A  +     5B  +   2(D  +  C)  +    E  =  0 
A  +  B  +  (D  +  C)  +  E  +  F  =0 


,  2E-48B  ,-n  38E +  31B  „  lOB  -  28E 
A  =   7n  J  +       =  —  ,  = 


64 


64 


64 


Anothek  Example. — Let  a  =  10  ft.,  6  =  8  ft.,  c  =  =  5  ft.,  6  =  2  ft.,  which  is  a  special 
case  of  one  bearing  at  centre. 


Here 


L,  =  -  ^  {BE  +  125  (D  +  C)} 

K,  =  i  {BE  +  125(D  +  C)  +  512B-  2000A}, 
60 

=  ^  {8E  +  125  (D  +  C)  -  1408  B  -  2000  A}, 

and  the  equations  become 

^  A  +  i^B  +  i  {BE  +  125  (D  +  C)  -  1408 B  -  2000  A}  -  J  {BE  -f  125  (D  +  C)}  =  0, 

Quiz 

or 

750  A  +  458B  4-  125  (D  +  C)  +  BE  =  0) 
10A+     8B+     5(D  + C)  +  2E  =  OV, 
A  +  B  +  (D  +  C)  +  E+  F  =0) 

whence 

,  _21E-129B                                   F^  21B-129E 
 250  '    ^  +  ^=-  250^^  +  ^^'   250  " 


DISCUSSION. 

Mr.  A.  C.  Kirk  said  :  My  Lord  and  gentlemen,  at  this  advanced  period  of  the  evening  it  would 
ill  become  me  to  occupy  much  time,  but  I  cannot  allow  this  paper  to  pass  without  expressing  om- 
indebtedness  to  Mr.  Milton  for  a  paper  which  must  have  cost  him  a  vast  amount  of  labour  on  a  most 
important  subject — a  paper  which  wiU  be  at  once  suggestive  and  useful  for  reference.  I  cannot  pretend 
in  a  short  perusal  to  follow  Mr.  Milton,  or  to  criticise  in  any  way  his  calculations,  but  the  mortahty 
of  crank  shafts  is  a  very  serious  matter  indeed.  One  frequent  cause  of  failure  is  that  the  crank  shafts 
are  too  small  originally  to  meet  a  reasonable  amount  of  carelessness  and  the  work  to  which  they  are 
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subjected.  No  doubt  Mr.  Milton,  in  discussing  the  case  of  bearings  out  of  line,  has  hit  the  chief  cause 
of  crank  shafts  giving  way.  I  have  a  very  strong  idea  that  if  shipowners  would  lift  crank  shafts  once 
a  year,  and  put  them  in  line,  we  should  have  fewer  broken  crank  shafts.  In  regard  to  the  proper  size 
of  crank  shafts,  I  speak  relatively,  if  a  10-inch  shaft  is  such  that  it  will  work  for  a  very  long  time,  my 
own  experience  would  confirm  this — that  a  7^ -inch  shaft  would  scarcely  work  a  year,  and  something 
between  an  8  and  9-inch  shaft  would  work  from  three  to  four  years.  The  reason  of  such  a  wide  margin 
is  due  to  what  Mr.  Milton  has  said,  the  frequently  apj)lied  strains,  or  rather  the  too  frequently  aj)plied 
deflections  to  which  the  shafts  are  subjected  in  working. 

Mr.  J.  Macfaelane  Gray  :  My  Lord  and  gentlemen,  I  cannot  express  how  much  I  value  this  paper, 
but  of  course,  as  Mr.  Kirk  has  said,  we  cannot  take  it  all  in  just  at  once.  With  regard  to  straightness 
of  shaft,  I  think  that  far  too  little  attention  is  paid  to  that,  not  only  by  shipowners,  but  by  those 
whom  Mr.  Kirk  represents — the  makers  of  engines. 

Mr.  Kirk  :  No. 

Mr.  Macfarlane  Gray  :  I  think  the  designers  of  engines  might  make  engines  now  in  such  a  way 
as  that  the  owner  could  see  for  himself  whether  the  shaft  is  straight  or  not.  The  rapid  extension  of 
the  microphone  to  the  indication  of  all  sorts  of  varying  conditions  of  stress  may  lead  to  its  application 
in  some  simple  way  to  indicate  continuously  the  straining  of  a  crank  shaft.*  The  present  system  of 
taking  "leads  "  off  crank  shafts,  using  the  pedestal  bolts  to  tighten  down  the  top  brass  upon  the  lead 
wire,  seems  to  me  to  involve  an  error.  The  "leads"  for  the  adjustment  of  the  liners  ought  to  be 
taken  by  screwing  upon  temporary  bolts  which  pull  upon  the  bottom  brass,  not  on  the  bed-plate,  and 
bring  the  two  half  brasses  together.  After  the  liners  are  stripped  to  the  proper  thickness,  as  found  by 
using  these  bolts,  other  leads  should  be  taken  off  liners  and  shaft,  using  the  pedestal  bolts  this  time, 
and  it  may  now  be  found  that  the  liners  are  apparently  too  thin ;  that  will  indicate  that  the  bottom 
brass  requires  to  be  packed  up  by  that  amount.  This  indication  of  unfairness  may  be  missed  alto- 
gether in  the  usual  adjustment  of  shafts  by  the  lead  wire  test.  There  is  a  plan  adopted  by  many 
engineers  now  of  making  the  bottom  brasses  without  the  side  flanges  or  with  loose  side  flanges 
below,  so  that  you  can  pack  up  the  bottom  brass.  It  has  been  a  labour  of  love  this,  I  am  sure,  with 
Mr.  Milton,  or  he  never  could  have  got  through  all  this  work.  But  in  connection  with  the  diagrams 
which  he  must  have  had  to  enable  him  to  lay  this  down  on  paper,  I  would  draw  attention  to  a  new 
kind  of  diagram  which  is  coming  into  use.  If  you  take  a  pair  of  engines,  and  instead  of  working  the 
indicator  of  each  engine  by  its  own  crank,  you  work  it  by  the  other  one's  crank,  you  get  a  diagram 
that  can  tell  you  a  great  deal.  The  ordinary  diagrams  are  all  very  well  to  give  you  the  horse-power 
of  an  engine,  but  the  important  part  of  the  working  of  an  engine  is  the  crowded  part  of  the  diagram 
at  the  end  where  the  piston  is  scarcely  travelling ;  the  diagram  is  crowded  together,  and  you  want 
to  see  exactly  at  what  point  in  the  stroke  the  valves  are  opening ;  and  if  you  just  give  it  the  chord 
from  the  other  engine,  you  get  a  diagram  that  will  puzzle  you  at  first,  but  which  it  is  quite  delightful 
to  go  into,  because  you  see  on  it  exactly  the  gradations  in  pressure  so  clearly  showing  whether  the 
blow  is  coming  on  suddenly  or  not.  The  method  is  simple,  and  when  indicator  gear  is  already  fitted 
it  costs  nothing  to  do  it. 

Mr.  West  :  I  think  we  are  very  much  indebted  to  Mr.  Milton  for  drawing  attention  to  a  point  which 
we  are  very  apt  to  overlook,  that  is  the  bending  moment  on  the  shaft.  It  is  a  common  thing  to 
make  calculations  for  the  twisting  moment,  but  to  neglect  the  bending  moment ;  and  though  Professor 
Eankine  has  shown  us  a  formula  for  it  in  his  handbook,  it  is  too  much  neglected  by  engineers. 
Mr.  Milton  says  something  with  which  I  can  hardly  agree  with  him.    He  says,  "  The  effect  of  the 

*  Ry  one  of  tho  microphone  details  tlie  straining  of  a  crank  shaft  could  be  continuously  indicated  on  a  diiil  placed  in  any  part 
of  the  ship. 
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bearings  being  out  of  line  is  to  throw  the  greater  part  of  the  supporting  forces  of  the  shaft  upon  one 
particular  bearing."  But  it  appears  to  me  that  when  eccentricity  between  the  bearings  exists,  there  is 
something  more  than  a  mere  alteration  of  the  distance  between  supports.  With  each  revolution 
there  is  an  actual  bending  of  the  shaft,  and  fatal  mischief  may  be  done  before,  and  apart  from  any 
injm-y  that  may  result  from  extending  the  distance  between  the  points  of  support  by  slacking  back 
the  cap  bolts.  Mr.  Milton  says,  too,  that  water  in  the  cylinders  will  produce  theoretically  an  infinite 
strain  near  the  end  of  the  stroke  But  near  the  end  of  the  stroke  you  have  the  lead  of  the  valve,  and 
consequently  an  escape  for  the  water  through  the  valve  opening  into  the  valve-casing,  so  that  I  think 
we  cannot  in  any  exact  sense  speak  of  the  presence  of  water  in  the  cylinders  as  producing  an  infinite 
strain.  Then  there  is  another  point  which  I  should  just  like  to  ask  Mr.  Milton  a  question  about,  and 
that  is  how  he  has,  in  those  diagrams,  converted  the  bending  moment  and  twisting  moment  into 
common  terms  so  as  to  have  them  as  shown  by  the  red  line. 

Mr.  J.  FoETEScuE  Flanneey  :  I  am  unwilling  to  let  this  discussion  close  without  expressing  the 
interest  which  I,  and  all  engineers,  must  take  in  this  paper.  It  is  a  very  practical  dissertation  upon 
some  of  the  evils  and  failures  complained  of  in  crank  shafts,  and  points  out  some  means  of  ascertain- 
ing the  best  remedies  for  those  evils  and  failures.  Then  Mr.  Milton  concludes  with  a  very  excellent 
theoretical  investigation  of  their  extent,  and  the  strains  which  come  upon  crank  shafts.  He  has  gone, 
as  the  previous  speaker  has  said,  at  least  two  steps  further  than  any  other  calculator  who  has 
published  his  results  in  the  usual  way.  A  paper  very  similar  to  this  was  pubHshed  in  the  "Annual 
of  the  Eoyal  School  of  Science,"  and  that  paper  dealt  in  the  same  way  as  Mr.  Milton  has  done, 
or  nearly  so,  with  the  twisting  moments  ;  but,  if  I  recollect  rightly,  that  paper  did  not  give  any 
particulars  of  the  bending  moment.  The  turning  moments  alone  are,  of  com-se,  of  very  gi-eat 
importance,  but  if  they  do  not  measure  the  w^hole  of  the  strain  that  comes  on  the  crank  shaft, 
a  paper  of  that  kind  cannot  be  said  to  be  complete.  No  doubt,  Mr.  Milton's  paper,  giving  as 
it  does  the  whole  of  the  strains  that  may,  under  ordinary  conditions,  come  on  crank  shafts,  may 
be  said  to  be  a  very  complete  dissertation  on  the  subject.  There  is,  however,  one  paragi-aph  in 
the  paper  which  Mr.  Milton  may  have  to  reconsider.  It  is  an  expression  of  opinion  merely.  He 
says  that  if  you  have  a  'perfectly  made  and  a  perfectly  forged  shaft,  and  work  it  for  a  short  time, 
and  see  a' flaw  which  must  be  the  result  of  some  abnormal  strain,  it  goes  on  working  without  the 
flaw  increasing,  showing  that  the  strain  was  abnormal,  and  showing  that  the  abnormal  strain 
having  once  existed  did  not  occur  again,  and  that  the  flaw  is,  as  a  rule,  due  to  that  abnormal  strain 
I  cannot  agree  with  that  conclusion  of  Mr.  Milton's  ;  and  I  venture  to  think  that,  as  a  rule,  the  failure 
of  crank  shafts,  in  the  majority  of  cases,  is  due  to  imperfect  forging,  and  that  the  line  of  reasoning 
"which  Mr.  Milton  takes  is  not  at  all  supported.  The  forging  may  be  so  imperfect  as  to  allow  a  flaw 
to  appear  at  fii'st,  but  it  does  not  necessarily  follow  that  with  the  ordinary  strain  that  fii'st  flaw  having 
so  far  satisfied  itself  (if  I  may  use  such  an  expression)  as  to  open  and  show,  may  not  then  assume  a 
sort  of  normal  position,  and  go  on  with  the  shaft  sufficiently  strong  to  bear  any  ordinary  strain  that 
may  be  brought  upon  it.  I  will  mention  one  fact  which  Mr.  Milton  is  aware  of,  but  does  not  state  in 
his  paper,  and  that  is,  that  this  difficulty  with  crank  shafts  has  been  experienced  very  largely  among 
the  large  lines  at  Liverpool,  and  that  one  of  the  most  important  Hnes  have  resolved  to  fit  their  crank 
shafts  in  pieces.  Instead  of  half  the  length  of  the  crank  shaft  being  forged  in  solid  with  the  axle,  it 
is  forged  in  several  pieces.  The  arm  is  forged  in  one  and  the  pin  in  one,  and  the  parts  of  the  axle  in 
separate  pieces,  and  it  is  all  bored  and  put  together  and  shrunk  on,  and  it  is  expected  that  the 
weaker  part  of  the  shaft,  namely,  the  one  underneath  the  arm,  will  by  that  means  be  made  strong 
enough  to  bear  the  strains  upon  it,  for  the  reason  that  Mr.  Milton  has  aUuded  to  in  his  paper.  If  I 
am  rightly  informed,  those  crank  shafts  have  not  yet  been  tried,  but  I  believe  they  will  be  soon  tried, 
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and,  probably,  by  the  next  meeting  of  our  Institution  some  gentleman  connected  with  that  line  of 
vessels  will  be  able  to  give  us  some  information  about  it  which  will  be  of  great  interest.  The  result  of 
that  experiment  we  should  be  very  glad  to  have. 

Mr.  John  Kavenhill  :  My  Lord  and  gentlemen,  crank  shafts  have  been  the  hete  noir  of  marine 
engineers  and  forge  masters  for  many  years.  In  the  first  instance,  there  can  be  no  doubt  that  there 
was  very  great  difficulty  in  getting  a  forging  anything  like  sound  from  the  forge  masters,  but  by 
degi-ees  they  altered  their  process  of  manufacture,  and  I  think,  speaking  from  a  somewhat  long 
experience,  I  may  say  they  have  succeeded,  and  succeeded  in  a  wonderful  way,  in  obtaining  soundness 
in  their  forgings  after  a  lapse  of  years.  It  is  true,  in  the  present  day,  that  circumstances  are  altered 
and  we  are  using  higher  pressures.  The  initial  pressure  on  the  piston  conveyed  down  to  the  crank- 
pin  and  the  shaft  produces  a  very  considerable  excess  of  strain  above  what  the  shafts,  at  the  time  I 
speak  of,  had  to  undergo.  I  believe  that  many  and  many  a  crank  shaft  has  been  condemned  for 
nothing  more  than  a  surface  mark.  I  had  the  opportunity,  some  years  ago,  of  seeing  a  vast  number 
of  recorded  facts,  in  connection  with  shafts  working  on  the  other  side  of  the  world,  in  the  office  of  an 
engineer  of  one  of  our  principal  steamboat  companies  ;  and  there  can  be  no  doubt  that  after  a  flaw 
had  been  observed  to  increase  for  a  certain  time,  and  had  extended  to  a  certain  point,  when  that  point 
Avas  reached  months  and  years  elapsed,  and  it  was  never  known  to  extend.  That  must  have  been 
a  surface  flaw.  With  reference  to  this  paper  of  Mr.  Milton's,  I  think  he  has  drawn  the  attention 
of  all  of  us  to  points  which,  perhaps,  we  have  never  yet  paid  sufficient  attention  to,  but  in 
having  drawn  our  attention  to  those  points,  and  having  talked  of  the  strains  produced  in  crank 
shafts  when  out  of  line,  he  has  not,  in  doing  that,  drawn  the  attention  of  a  large  body  of  men  to  a 
point  which  I  think  is  one  of  very  serious  importance.  Crank  shafts  that  were  perfectly  true  have 
broken,  and  I  believe  that  when  engineers  afloat  reflect  on  Mr.  Milton's  paper  many  a  man  will 
say,  "  I  slacked  back  a  certain  bearing  at  a  time  when  it  was  very  hot,  and  that  was  the  cause  of 
my  shaft  breaking  ;  it  was  not  from  the  shaft  being  out  of  line,  but  from  the  shaft  being,  if  possible, 
too  well  fitted  in  the  first  instance."  I  believe  that  none  of  us  have  considered,  in  the  emergency  of  the 
moment,  in  slackening  back  the  bearings,  when  they  are  suddenly  heated,  the  violent  strains  produced 
at  other  points,  and  by  our  acts  at  that  time,  the  ultimate  danger  that  may  be  done  to  the  shaft 
which  is  at  work.  I  am  sure  the  thanks  of  the  Institution  are  due  to  Mr.  Milton  for  the  elaborate 
diagrams  which  he  has  worked  out,  and  the  enormous  amount  of  time  and  labour  those  diagrams 
must  have  taken  him  to  produce. 

Mr.  A.  J.  Maginnis  :  A  short  time  ago  I  had  to  make  out  statistics  with  regard  to  crank  shafts 
in  large  ocean  steamers,  and,  after  going  over  a  number  of  shafts  for  ten  years,  I  found  that  the  average 
life  of  a  crank  shaft  was  three  years  to  three  and  a  half  years.  The  principal  reason  which  engineers 
on  board  ships  have  given  for  the  failures  of  crank-shafts  has  been,  I  think,  borne  out  by  what 
Mr.  Flannery  has  stated.  The  reason  they  give  is  a  simple  one,  namely,  if  the  bearings  of  the  shafts  and 
crank  pins  are  left  slack  enough  to  work  without  heating,  that  must  allow  of  an  imperceptible  knock 
or  concussion.  If  that  be  the  case  it  is  easily  accounted  for,  because  we  are  told  that  continued 
concussion  changes  the  fibre  or  natm-e  of  iron,  or,  in  other  words,  crystallizes  it.  Going  over  the 
matter,  I  find  that,  during  the  three  years  the  crank  shaft  has  been  in  use,  taking  an  average  of  the 
transatlantic  voyage — the  number  of  concussions  which  occurred  in  three  years  varies  from  eighty 
millions  to  one  hundred  millions.  These  are  large  or  small  according  as  the  engines  worked  smoothly 
or  not.  Of  late  years,  through  the  introduction  of  patent  metal,  these  concussions  have  been  greatly 
reduced,  as  the  play  and  freedom  allowed  in  the  largest  bearings  scarcely  equals  a  sixty-fourth  at  the 
end  of  a  voyage  ;  so  that  I  think  the  difficulty  will  now  be  got  over  by  the  introduction  of  the  shaft 
that  Mr.  Flannery  spoke  of,  as  in  that  case  the  parts  of  the  shaft  that  are  now  seriously  affected  by 
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this  concussion  are  done  away  with,  because  the  fibres  of  the  iron  in  solid  shafts  are  worked  through 
the  fillets,  and  we  all  know  that  it  is  at  the  fillets  of  crank  shafts  that  they  break.  In  the  new 
arrangement,  if  any  heating  or  such  like  accident  occurs,  the  danger  will  be  of  its  working  slack  in 
the  arms  ;  hut  I  think  the  danger  of  fracture  will  be  got  over. 

Mr.  J.  T.  Milton  :  Two  or  throe  questions  have  been  asked  about  the  diagrams,  and  Mr. 
Macfarlanc  Gray  asked  mo  if  I  included  the  live  load.  I  did  include  it.  I  assumed,  however,  which, 
perhaps,  is  not  quite  true,  that  the  engines  were  moving  uniformly  round.  That  was  the  assumption 
I  proceeded  upon,  and  then  I  took  the  inertia  of  the  live  load  into  account.  Mr.  West  has  said  that 
with  water  in  the  cylinders  you  would  not  get  any  pressure  if  you  had  your  lead  right.  In  that  case 
you  would  have  no  need  of  having  relief  valves,  yet  we  know  that  relief  valves,  especially  in  starting 
engines,  open — and  open  pretty  rapidly — so  that  the  lead  is  not  always  sufficient  to  free  the  engine  of 
water,  and  sometimes  the  slides  get  up  a  little,  or  down  a  little,  and  then,  practically,  there  is  no 
lead.  Then  another  gentleman  has  asked  how  I  obtained  the  red  diagram,  and,  of  com-se,  in  taking 
the  result  of  these  diagrams  (that  is  a  most  important  point)  I  have  assumed  there,  as  I  stated  when 
I  was  reading  the  paper,  that  that  was  calculated  on  the  plan  given  by  Professsor  Eankine  in  his 
"  Applied  Mechanics,"  Article  325.  That  is  how  those  diagrams  have  been  obtained  ;  they  have  been 
calculated  for  every  twenty  degrees  of  the  revolution. 


THE  LEGAL  LOAD  LINE,  AND  SOME  REMAEKS  RELATING  TO  THE  PRINCIPLES  OP 

SAFE  FREEBOARD. 

By  N.  E.  Porter,  Esq.,  Associate. 

[Read  at  the  Twentieth  Session  of  the  Institution  of  Naval  Architects,  4th  April,  1879,  the  Right  Hon. 
Lord  Hampton,  G.C.B.,  D.O.L.,  President,  in  the  Chair.] 


Members  of  this  Institution  will  be  generally  aware  that,  following  on  the  public  agitation 
concerning  the  over-loacling  of  vessels,  clauses*  were  inserted  in  the  Merchant  Shipping  Act, 
1875,  which  compelled  the  owner  to  mark  the  load-line  on  his  vessel's  side.  It  has  now 
become  the  custom  to  call  this  mark  "  Plimsoll,"  but  it  appears  to  have  been  suggested 
by  Mr.  C.  M.  Norwood,  M.P.,  who  stated  his  intention  of  proposing  it  to  Parliament 
when  making  some  remarks  on  the  load-line,  at  our  meeting  March  18th,  1875,  which  will 
be  found  in  volume  xvi.  page  44,  of  the  Transactions.  And  whatever  credit  may  be  due  to 
Mr.  Plimsoll  for  the  marvellous  energy  by  which  he  forced  the  subject  of  over-loading  on  public 
notice,  he,  wisely  or  unwisely,  declined  to  accept  this  proposal  as  a  means  of  stopping  it,  or  at 
least  accepted  it  under  protest. 

The  law  allows  the  shipowner  to  put  the  mark  as  low,  or  as  high,  as  he  pleases  ;  the 
freeboard  being  measured  amidships  from  the  upper  surface  of  the  deck,  at  the  side,  to  the 
centre  of  it.  And  unless  its  position  is  challenged  by  the  Board  of  Trade  as  unsafe,  it  becomes 
for  that  particular  ship  the  legal  limit  of  immersion.  It  may  possibly  be  said  that  these  disc 
centres  are  often  placed  much  above  the  point  to  which  it  is  intended  to  load.  When  the  law 
first  came  into  operation  this  certainly  appeared  to  be  the  case,  and  at  present  instances  may 
be  found  of  their  being  put  six  inches  higher  than  it  is  intended  to  load  to,  possibly  to  avoid  a 
dispute  with  a  grumbling  crew  as  to  its  exact  position  when  the  vessel  is  not  in  smooth  water, 
or  to  allow  of  extra  immersion  should  the  vessel  when  abroad  be  offered  a  freight  between 
ports  situated  in  a  tropical  region.  So  far,  however,  as  I  have  observed,  in  the  great  majority 
of  cases  it  is  now  the  custom  to  load  down  to  the  disc  centres  when  the  weight  of  the  cargo 
requires  it. 

Shipowners  having  been  thus  called  upon  to  practically  illustrate  their  ideas  in  regard  to 
minimum  freeboard,  I  have  taken  the  opportunity  to  measure  the  sides  of  a  number  of 
vessels,  and  now  place  before  you  the  results,  in  the  hope  that  reliable  information  of  this 
description  may  prove  of  some  use  to  those  who  take  an  interest  in  such  matters. 

*  Clauses  No.  5  and  6. 


THE  LEGAL  LOAD  LINE,  AND  REMAEKS  ON  SAFE  FREEBOARD. 


197 


There  aire  90  sailing,  and  83  steam  vessels,  in  all  173.  Particulars  of  deck-plan,  under- 
deck  tonnage,  and  dimensions  are  given  to  afford  an  idea  of  the  vessel,  and  columns  are  added 
showing  the  freeboards  with  co-efficients  of  finess  worked  out  by  Mr.  Martell's  method. 
This  will  be  found  in  volume  xv.  of  the  Transactions,  page  102,  and  being  certainly  the  most 
thorough,  consistent,  and  practical  plan  yet  published — particularly  for  the  way  in  which 
provision  is  made  for  the  various  forms  and  types  of  vessels — appeared  especially  suited  for  a 
standard  of  comparison.  Wanting  precise  information  respecting  the  sheer  of  these  vessels,  I 
have  been  unable  to  reduce  the  freeboards  in  accordance  with  the  tables,  but  they  are  mostiy 
of  the  ordinary  sheer,  and  the  few  instances  in  which  the  reduction  could  be  claimed  would  not 
diminish  the  freeboard  more  than  from  three  to  six  inches. 

It  will  be  noted  there  are  six  spar-decked  and  one  awning-decked  steamers,  numbers  163 
to  169.  In  computing  the  freeboards  for  these  I  have  treated  them  as  such  because  they  are 
so  called  in  Lloyd's  Register,  but  being  a  class  of  vessels  that  vary  much  in  the  strength  of 
their  upper  structure  the  freeboards  given  by  this  method  must  not  be  too  rigidly  relied  upon, 
and  I  have  no  doubt  Mr.  Martell  could  explain  and  modify  the  discrepancies  which  appear  had 
he  an  opportunity  of  seeing  the  vessels. 

This  remark  would  probably  apply  to  some  other  of  the  instances  given,  for  it  is  only  fair 
to  bear  in  mind  the  author  of  these  tables  intended  them  principally  for  reference,  apparently 
basing  the  more  exact  apportionment  of  the  height  of  side  required  on  practical  considerations 
of  the  particular  build  and  type  of  each  vessel.  A  careful  comparison  of  these  two  columns  of 
freeboards,  viz.,  those  as  marked  by  the  disc  centre  and  those  required  by  Mr.  Martell's 
tables,  will  afford  an  opportunity  to  all  who  honour  them  with  an  inspection,  of  drawing  their 
own  conclusions  as  to  how  far  the  present  law  has  checked  over-loading.  My  own  conclusion 
is  that  it  has  not,  and  that  there  are  many  instances  here  given  of  vessels  marked  with  a  side 
which  a  few  years  ago  would  have  been  thought  by  practical  men  inadequate  for  safety. 

To  discuss  all  the  causes  which  have  brought  this  about,  or  the  custom — not  to  say  the  law — 
that  appears  to  sanction  it,  might  tend  to  wake  up  an  agitation  that  would  do  well  for  a  time  to 
rest.  I  cannot,  however,  refrain  from  expressing  an  opinion  that  the  present  accepted  principle 
of  freeboard,  which  implies  that  a  percentage  of  25  to  30  per  cent,  spare  buoyancy  alone 
suffices  for  safety,  is,  when  applied  to  certain  types  of  vessels,  likely  to  favour  deep  loading. 
Beyond  doubt,  spare  buoyancy  is  an  essential  element  of  seaworthiness.  It  secures  a  certain 
specific  gravity  or  relative  lightness  of  ship,  and  in  proportion  to  its  amount  prolongs  the 
life  of  a  foundering  ship.  But  its  power  to  lift,  or  even  to  sustain,  may  be  neutralised  when  a 
long  vessel  is  unequally  borne  amongst  waves,  and  her  movements  principally  governed  by  their 
vertical  and  horizontal  impulse.  Practical  experience  appears  to  suggest  that  the  primary 
object  in  apportioning  freeboard  should  be  to  secure  a  height  of  platform  above  the  water 
sufficient  to  prevent  the  decks  being  swept  by  heavy  seas,  for  when  this  occurs  it  fi-equently  is 
the  commencement  of  a  chapter  of  accidents  which  ends  in  disablement  and  abandonment. 
I  am  well  aware  there  are  vessels  of  good  form  that  may  be  loaded  do-wn.  very  near  the  water, 
and  if  carefully  stowed  and  judiciously  handled  will  pass  through  the  heaviest  seas  without 
shipping  much  water.  This  would  not,  however,  be  the  case  with,  say,  the  ordinary  long  flush- 
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decked  cargo  steamers  of  eight  beams'  length  and  over,  loaded  with  heavy  cargoes,  the  weights 
of  which  are  most  unequally  distributed,  and  having  centres  of  gravity  and  metacentres  nobody 
knows  where. 

In  making  these  remarks  I  do  not  forget  that  the  tables  of  freeboards  here  attached 
furnish  evidence  of  vessels  loading  to  a  much  less  side  than  that  represented  by  a  spare 
buoyancy  of  25  per  cent.,  and  that  it  may  fairly  be  inferred  the  greater  number  of  them  succeed 
in  making  their  passages.  Those  who  understand  the  subject  will  know  that  experience  does 
not  justify  the  inference,  that  because  a  vessel  is  deep  she  must  be  lost.  By  bringing  steamers 
well  up,  head  to  sea,  and  going  dead  slow  with  the  engines,  they  may  be  nursed  through  very 
dirty  weather,  but  there  is  always  the  risk  of  an  insufficient  freeboard  bringing  about  disaster, 
and  contributing  to  their  loss. 
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WOOD  VESSELS  (Firht  Class). 


Number. 

DKSCKiPTKiN  <jk  Vessel. 

REOISTERKI) 

FltEKBiMIlLi 

Co  efllcient 
of 

Kin  ess. 

Under 
Dock 

1*0111111^6* 

Lcngtli. 

Breadth. 

Deplh. 

A8  marked 
l)y  UiBc 
Centre. 

A«  required 
by  Mr. 
.Maitcll's 
Tallies. 

ft 

ft 

ft 

ft. 

in. 

ft. 

in. 

1 

Poop  66',  Forecastle  40'  

1159 

2li-0 

35-3 

22-0 

5 

6 

5 

Hi 

•70 

2 

„    61',        ,,  35'  

1033 

184-4 

31-7 

21-1 

4 

3 

5 

2 

-62 

8 

Raised  Quarter-deck  58',  Forecastle 

15'" 

853 

186-5 

33-5 

22-0 

4 

5 

5 

53 

-62 

4 

Flush  with  Deck-houses  

839 

180-2 

32-3 

22-5 

4 

5 

9i 

•64 

5 

Poop  48',  Forecastle  34'  

826 

1G2-9 

34-6 

22-5 

5 

8 

5 

11 

-66 

0 

,,    48',        ,,  37'  

771 

180-4 

33-6 

20-8 

4 

0 

5 

•61 

7 

Raised  Quarter-deck  59',  Forecastle 

23'" 

744 

186-4 

32-4 

20-8 

4 

9 

4 

11 

•59 

8 

47'  

738 

186-0 

30-5 

20-8 

4 

4.1 

5 

13 

•68 

9 

Poop  68'   

721 

175-0 

32-0 

21-0 

4 

8" 

5 

11 

•61 

10 

Flush  with  Deck-houses  

699 

170-0 

30-3 

19-3 

4 

6^ 

5 

Of 

-70 

11 

Poop  45',  Forecastle  34'  

698 

182-0 

310 

19-0 

4 

0 

4 

4 

-65 

12 

„    50',        „  29'  

642 

151-0 

31-8 

20-7 

5 

0 

5 

-64 

13 

Flash  with  Deck-houses  

489 

148-2 

29-6 

17-7 

3 

1 

4 

3i 

-63 

14 

Break -deck  49'  

476 

138-0 

29-0 

18-7 

4 

9i 

4 

Gi 

•63 

15 

,,        15',  Forecastle  17' 

469 

141-0 

29-5 

17-9 

4 

5 

4 

-63 

16 

Raised  Quarter- deck  30',  Forecastle 

30'  ... 

468 

146-3 

29-0 

18-4 

3 

lOi 

4 

8| 

4 

-60 

17 

Break  15  tons  

449 

140-9 

27-0 

18-2 

3 

7 

4 

•65 

18 

Poop  25'   

438 

145-6 

30-1 

16-5 

3 

0 

4 

•70 

19 

Raised  Quarter-deck  30'  

406 

137-0 

27-9 

17-2 

3 

2^ 

4 

1 

■62 

20 

34'  

401 

136-1 

27-6 

17-1 

4 

0 

4 

4 

-62 

21 

26'  

400 

131-5 

26-5 

17-9 

3 

9 

4 

41 

-64 

22 

381 

129-0 

28-0 

17-2 

3 

7 

4 

Oi 

-61 

23 

30'  '.'.[ 

378 

126-0 

26-6 

16-9 

2 

1 

4 

2i 

•66 

24 

27'  

378 

129-0 

28-1 

17-3 

3 

7 

8 

Hi 

•60 

25 

24'  

362 

133-2 

25-1 

16-3 

2 

0 

4 

•67 

26 

,,             ,,  36'  

361 

130-5 

27-3 

17-0 

3 

4 

8 

11 

•60 

27 

,,             ,,         32  tons  

350 

130-0 

27-0 

16-0 

3 

5 

3 

9 

-62 

28 

44'  

340 

148-5 

29-9 

12-3 

2 

11 

2 

8^ 

-62 

29 

Flush  

325 

130-6 

27-2 

141 

2 

11 

3 

3i 

-65 

30 

Break-deck  18  tons  

310 

134-3 

26-3 

14-3 

2 

7i 

3 

•61 

31 

Flush  

305 

111-1 

27-5 

15-9 

3 

7 

3 

91 

-63 

32 

Break-deck  11  tons  

286 

111-4 

26-5 

16-2 

2 

9 

3 

Hi 

-65 

33 

Flush  

304 

113-4 

25-7 

150 

3 

2 

3 

9 

-69 

34 

284 

113-4 

26-1 

15-7 

3 

6 

3 

7J- 

-61 

35 

Raised  Quarter-deck  42',  Forecastle 

IT 

281 

129-3 

27-5 

130 

1 

9 

2 

lOi 

-60 

36 

),  36'  

270 

124-3 

25-2 

15-2 

2 

9 

3 

4 

-■57 

37 

>>             >)  33'  

266 

118-6 

23-8 

15-0 

2 

7 

3 

6 

-63 

38 

,,             ,,         9  tons   

266 

120-0 

25-0 

14-8 

J.  t:  'J 

3 

8 

3 

3f 

•60 

39 

Flush  

264 

123-9 

26-6 

12-9 

2 

U 

2 

11 

•62 

40 

Half  Poop  29'  

260 

129-2 

270 

12-9 

2 

u 

2 

9^ 

-58 

41 

Flush  

258 

119-6 

24-0 

14-4 

2 

1 

;^ 

8i 

-62 

42 

Raised  Quarter-deck  26'  

258 

125-0 

25-1 

13-9 

2 

2 

3 

1 

-59 

43 

,,             ,,         9  tons   

255 

115-5 

24-6 

14-6 

2 

6 

3 

3i 

•61 

44 

Flush  

229 

114-3 

24-8 

12-9 

2 

4 

2 

Hi 

•63 

45 

216 

112-0 

22-7 

13-7 

2 

2i 

3 

li 

•62 

46 

Raised  Quarter-deck  21'  

207 

113-6 

22-8 

12-5 

2 

1 

2 

94 

-64 

47 

Break-deck  18  tons  

207 

118-2 

24-5 

12-9 

2 

7i 

3 

2i 

•61 

48 

Flush  

206 

110-6 

25-1 

12-3 

2 

6 

2 

7i 

•60 

49 

Break-deck  7  tons   

206 

111-6 

23-9 

12-8 

2 

3 

2 

9h 

■60 

200  THE  LEGAL  LOAD  LINE,  AND  EEMARKS  ON  SAFE  FEEEBOAED. 


WOOD  VESSELS  (First  Glass)— continued. 


^  umDcr. 

Description  of  Vessel 

Kegistered 

1 

Freeboabd 

Coefficient 
Frness. 

Under 
Deck 

length. 

Breadth 

Depth. 

As  marked 
by  Disc 
Centre. 

As  required 
by  Mr. 
MarteU's 
Tables. 

ft 

ft 

IV. 

ft  iti 
It.  111. 

ft.  in. 

50 

Flush  

188 

104-2 

24-1 

12-8 

2  0 

2  8* 

•58 

51 



187 

97-0 

20-2 

13-1 

2  2i 

3  3i 

•73 

52 

J ,   

J.OU 

1  9-Q 

1  in 

9  Q3 

•59 

53 

" 

183 

105-6 

24-5 

12-9 

2  4f 

2  9i 

•62 

54 

180 

102-7 

22-7 

12-5 

2  4 

2  9-1 

•62 

55 

» »   

177 

102-0 

23-5 

12-9 

2  4 

2  9i 

•57 

56 

Eaised  Quarter-deck  27'  

176 

104-6 

22-1 

12-5 

1  10 

2  Hi 

•70 

57 

Flush  

172 

113-4 

20-5 

12-0 

1  8 

2  7f 

•62 

58 

jt   •   

171 

104-2 

23-6 

12-7 

2  0 

2  8 

•55 

59 

Eaised  Quarter-deck  21'  

165 

81-3 

20-8 

14-2 

2  5 

3  5i 

•68 

60 

Flush  

156 

98-4 

23-3 

11-2 

1  8 

2  4f 

•60 

61 

>>   

156 

99-4 

22-2 

12-1 

1  10 

2  6i 

•58 

62 

150 

100-0 

22-4 

120 

1  10 

2  6 

•56 

63 

96 

81-4 

16-6 

10-4 

1  6 

2  3^ 

,•68 

WOOD  VESSELS  (Colonial  Built,  Soft  Wood). 


64 

Flush  -with  Deck  Houses   

555 

142-0 

30-5 

18-0 

3 

8 

4 

9 

•71 

65 

J)  )»   

490 

138-5 

26-7 

17-S 

4 

0* 

4 

•74 

66 

)>  >)   

298 

118-0 

27-4 

14-9 

3 

H 

3 

H 

•61 

67 

>»  j>   

293 

120-0 

28-0 

14-9 

2 

6 

3 

•59 

68 

Poop  27  tons  

281 

132-0 

29-0 

12-8 

2 

1 

2 

8 

•57 

69 

Flush  with  Deck  Houses   

250 

112-3 

25-4 

13-9 

2 

lOi 

3 

8 

•76 

70 

J  >           I  >   

222 

102-0 

24-1 

12-7 

2 

10 

3 

Oi 

•71 

71 

5  »                            )  >   

150 

96-0 

23^6 

11-3 

1 

10 

2 

4^- 

•59 

COMPOSITE  VESSELS. 


72 

Eaised  Quarter-deck  21  tons  

399 

136-9 

27-7 

16-2 

3 

8 

3  7\ 

•59 

73 

Flush  

200 

110-0 

23-0 

11-8 

2 

1 

2  7i 

•67 

LEE-BOAED  WOOD  BAEGES. 

74 

Flush  

116-0 

100-0 

23-2 

8-0 

0 

10 

1  6i 

•62 

75 

111-0 

96-8 

23-0 

8-0 

0 

10 

1  6i 

•62 

lEON  VESSELS. 


76 

Poop  40',  Forecastle 

37',  2  decks  

1392 

246-3 

38-3 

22-8 

4 

9* 

5 

8 

•65 

77 

35',  2  decks  

1379 

224-3 

37-8 

23-5 

4 

10 

6 

1] 

•69 

78 

Poop  50' 

30',  2  decks  

1866 

237-4 

38-4 

22-5 

4 

4 

5 

1 

•67 

79 

M    36'  ,, 

26',  2  decks  

1213 

227-6 

37-0 

22-5 

4 

6 

5 

H 

•64 

80 

32',  2  deckH  

1192 

229-3 

36-8 

22-3 

3 

5 

5 

•03 

81 

.»    56'  ,, 

89',  2  decks  

1095 

213-8 

34-8 

22-1 

4 

6 

6 

5^ 

•66 
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IRON  YE^SELii— continued. 


Number. 

Bbglstkbeu 

■  Fkexboakk 

Co  efflclenl 
of 
Finew. 

Under 
Deck 
Tonbage. 

Length. 

Breadth. 

Depth. 

Aa  marked 
by  Disc 
Centre. 

Afl  reqnired 
by  Mr. 
Martell  g 
Tables. 

ft. 

ft. 

ft. 

ft  in. 

ft.  in. 

82 

Pooj)  38',  Forecastle  35',  2  decks  

1056 

226  0 

35-3 

20  5 

3  11 

4  10} 

•64 

83 

30',  2  decks  

1032 

222-0 

35-3 

21-0 

4  5 

4  11^ 

•63 

84 

Poop  37'        ,,        32',  2  decks  

943 

2170 

33-(; 

20-0 

8  9i 

4  10 

•65 

85 

,,    53'        ,,        85',  2  decks  

873 

216-6 

35-2 

20-5 

4  3i 

4  6i 

•56 

86 

Raised  Quarter-deck  39',  Forecastle  17' 

663 

177-4 

30-7 

18-5 

3  5 

4  5 

•66 

87 

,)             1,  36'  

573 

167-6 

28-6 

17-7 

3  3 

4  3J 

-68 

88 

42'  

372 

158-0 

25-2 

15-5 

3  2i 

3    ii  ' 

•60 

89 

33'  

241 

140-6 

21-7 

13-9 

2  7 

2  Hi  1 

•57 

90 

163 

104-2 

21-8 

11-6 

1  10 

2  5 

•62 

IRON  STEAM  ^*ESSELS. 


1  91 

iwo  Decks  it  ohade  Deck  in  part,  4  tx.  beams 

J.'"-!ft_l 
■i  JO-i 

1  «!ftn-j. 

o 

7 

1    •  ^  0 

Q9 

Flusli  witli  Houses  ... 

OolD 

oo  o 

19 

X£i 

u 

Do 

yo 

1       M     ^        „  •..   

o  { vv 

o/  /  O 

1  oo  u 

:  1 1 

a 
o 

'  'TCI 

OA 

1  Poop  96',  Forecastle  52',  2  decks,  3  tr.  beams 

OlOO 

.  ooy  0 

-19.1 

a 
o 

o 
o 

.R7 

yo 

1     ,,    vo ,        ,,           ,  z  uechs,  o  tr.  oeams 

OlOo 

1  ooy  u 

1  o 

u 

Q 

o 

Q 

y 

0 1 

yo 

1  Flush  witli  Houses  and  Forecastle   

o  /  y 

'   DO  O 

!  7 

Q 

o 

.7n 

97 

,,             ,,                ,,        22  tons  ... 

2923 

'  380  0 

,  38  3 

I  28-3 

■  7 

4 

8 

•70 

98 

'       ,,             ,,3  decks   

25o8 

1  o50  4 

OD.4 

o 
O 

]  Q 

9^^ 

<  1 

99 

,,             ,,       2  decks,  3  tier  beams  ... 

2198 

316-4 

j  35  8 

25-9 

1  5 

11 

7 

•75 

100 

,,             „       3  decks   

2095 

321-8 

36-4 

1  26-4 

!  6 

8 

'  7 

4| 

•68 

101 

,,             ,,       2  decks,  3  tier  beams  ... 

2085 

331-2 

34-4 

1  24  4 

1  5 

7 

7 

U 

•75 

102 

,,             ,,       2  decks,  3  tier  beams  ... 

2068 

330-0 

34-9 

'  24-4 

5 

0 

!  7 

0 

•74 

108 

Poop  68',  Forecastle  43',  2  decks,  3  tr.  beams 

1931 

302-2 

35-2 

250 

;  4 

8 

6 

2 

-72 

104 

Flush  with  Houses,  2  decks,  3  tier  beams  ... 

1925 

300-3 

34-7 

25-2 

5 

4 

7 

4 

-73 

105 

,,              ,,       2  decks,  3  tier  beams  ... 

1918 

3120 

36-0 

25-8 

5 

6 

6 

9 

-66 

106 

,,              ,,       Forecastle  21',  3  decks  ... 

1828 

301-0 

33  2 

25-0 

6 

5 

7 

1 

•73 

107 

,,       2  decks,  3  tier  beams  ... 

1801 

290-2 

34  1 

250 

5 

8 

6 

101 

•72 

108 

Flush  Break  58',  Forecastle  40'   

1797 

309  8 

32-9 

24-0 

7 

8 

6 

8i 

•74 

109 

Flush  with  Houses,  3  decks  

1762 

298-0 

33-2 

25-4 

7 

7 

7 

Of 

•70 

110 

,,             ,,       3  decks  

1723 

291-5 

38-2 

24-6 

6 

31 

6 

8 

-72 

111 

,,             ,,       2  decks,  3  tier  beams  ... 

1660 

270-7 

33-0 

24-5 

5 

0 

6 

Ih 

•76 

112 

,,             ,,       2  decks,  3  tier  beams  ... 

1653 

290  0 

33-7 

23-9 

6 

u 

6 

Si 

•71 

118 

1642 

276-3 

33-1 

23-9 

6 

6 

6 

•75 

114 

Poop  33',  Forecastle  32',  2  decks.  3  tr.  beams 

1559 

2580 

34-2 

23-3 

4 

1 

5 

-76 

115 

Flush  with  Houses,  Forecastle  21',  2  decks, 

3  tier  beams  

1548 

259-8 

32  6  ' 

28-5 

4 

5 

Hi 

78 

116 

Flush  with  Houses  

1513 

280  2 

31-6 

23-7 

5 

7 

6 

0 

-72 

117 

Poop  40',  Forecastle  33'.  3  decks  

1420 

257-3 

32  0  i 

23  6 

4 

9} 

5 

IH 

•78 

118 

Flush  with  raised  ends,  2  decks   

1394 

249-0 

33-3  1 

23-8 

5 

1 

5 

10  1 

•70 

119 

Flush,  2  decks,  3  tier  beams  

1392 

244-7  1 

32-8  ! 

24  0 

7 

4 

6 

9' 

•73 

120 

Poop  24',  Forecastle  31',  2  decks  

1384 

240  0  1 

33  0  1 

24-0 

4 

0 

6 

8i 

•73 

121  ! 

Flush  with  Houses,  Forecastle  23',  3  decks... 

1294 

241-8  ' 

321  ' 

28-2 

5 

n 

5 

•72 

122  j 

Poop  26',  Forecastle  30'  

1294 

250  6 

32-7  ; 

20-3 

3 

0 

5 

0  ' 

■78 

123 

Flush,  2  decks,  3  tier  beams  

1261 

241-7 

32-8 

22-7 

5 

4 

5 

6i 

•71 

124 

,,     2  decks,  3  tier  beams  

1173 

240-3 

31-2  1 

21  8  1 

5 

6 

5 

21 

•72 

125 

Bridge  deck  56',  2  decks  

1166  1 

230  3 

1 

32-2  , 

19-9  ' 

2 

11  1 

4 

111 

•79 

202 
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Number. 


126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 
165 
166 
167 
168 
109 
170 
171 
172 
173 


DE:jCItIPHON  OF  STEAM  VESSEL. 


Flush,  2  decks,  3  tier  beams  ... 
,,     2  decks,  3  tier  beams  ... 

Break  deck  57  tons  

Poop  39',  Forecastle  31'  

Raised  Quarter-deck  18  tons  ... 
Long  Poop  and  Forecastle 


Long  raised  Quarter-deck  and  Forecastle 


Keqistered 


Under 
Beck 
Tonnage. 


Length. 


Spar  decked,  of  good  structural  strength  above 
water,  for  cargo  


Awning  decked  and  Poop  54  tons  

Auxiliary  Screw   

)i  )»   

„    Poop  52',  Forecastle  40' 
„  144  tons,  „  23' 


1109 
1079 
840 
694 
652 
2095 
1264 
1258 
1246 
1090 
975 
974 
965 
939 
904 
888 
870 
846 
843 
841 
830 
825 
805 
749 
722 
651 
1427 
1116 
1101 
902 
827 
824 
808 
807 
803 
646 
643 

1261 
912 
899 
737 
695 
652 
563 
1949 
1787 
1168 
1023 


ft. 

230-  7 
221-5 
210-0 
203-9 
200-0 
363  0 
267-0 
258-5 
264-5 
243-2 
240-2 

245-  0 
248-0 
2i50 

231-  5 
230-0 
230-4 
233-0 

229-  8 

230-  6 

224-  4 

230-  0 
221-4 

209-  2 
237-4 

208-  1 
258  0 
240-2 

246-  6 

231-  3 

225-  3 
225-0 
224-2 
224-4 
220-0 

210-  8 
194-9 

299  5 
255-0 
254-0 
246-8 
230  7 
227-5 
234  0 
286-4 
279-7 
249  7 

209-  2 


Breadth. 


Depth. 


ft. 

31-  2 

30-  7 
28-7 
28-9 

28-  0 

38-  5 
33-3 
341 

33-  4 

32-  8 
32-0 
32-0 
32  5 

31-  0 

30-  3 

31-  2 

31-  1 

29-  1 

30-  0 

32-  2 
30-1 
30-2 
30-4 
29-1 
28-1 

28-  2 

34-  0 

33-  0 
32-2 
32-2 
301 

29-  7 
28-9 

30-  0 

30-  0 
28-3 

28-  6 

31-  8 

32-  2 
32-2 
31-6 

31-  2 

29-  4 
27-6 

39-  2 
38-1 

32-  8 

34-  3 


FUEKBOAKD 


.  ,    ,,  As  required 

As  marked     ijy  Mr 
by  Disc  Martell-s 
Centre.  Tables. 


ft. 

22-  0 

21-  4 
18  9 
16-9 

15-  9 

23-  7 

18-  9 

19-  7 
18-8 
18-0 

16-  7 

17-  9 
17  3 
17-3 
17-5 
17-6 
16  6 
16-6 

16-  9 
16  2 

17-  3 
10-2 
17-6 
16-7 

16-  0 

15-  9 

22-  1 

17-  9 

18-  2 
18-0 

16-  7 
16-7 
16-1 

16-  9 
161 

17-  0 
15-9 

a  ft 'a 

T  II  -  ft 

LB  -  fi 

■2  3  ■  7' 

21-  8 

t  S  ■  0 

13-7 
26-4 

24-  0 

22-  3 
22  0 


ft. 

in. 

O 

Q 
O 

A 

u 

9 

Q 

o 

9 

m 

2 

1 

a 

\J 

0 

I 

10 

2 

K 
o 

2 

2 

q 

0 

3 

31 

2 

Oi 

2 

Q~ 

2 

J.  V/ 

3 

4 

2 

g 

1 

0 

9 

Q 

T  } 

2 

2 

6 

9 

A 

9 

A 

2 

2 

1 

11 

3 

6 

2 

6 

1 

10 

3 

8 

1 

8 

1 

6 

2 

0 

1 

8 

1 

6^ 

2 

0 

1 

5 

0 

6 

0 

0 

Maindecklft, 
under  water. 
Maiudrck-ift. 
uuder  water. 

5  6 

M.(lk.lft..4ia 
uiuicr  w;\ter 

2  0 

6  0 

3  0 

4  3 
4  1 


ft.  in. 
5  li 

4  lOi 
4  3i 
3  5i 

3  2i 

4  11 
3 

3  10 

3  7i 


5 
1 
3 
0 
1 

3* 
0 


2  11 

3  Oi 


2  lOi 

3  Oi 

2  11 

3  8i 

2  8i 

4  lOi 

3  8* 


Si 

2i 

2 

2 

5i 

2 


2  10 
2  Hi 


2i 
9i 


2  9 
2  4 

From  upper 
deck. 

2  4 
1  2^ 


Co  efficient 
of 
Finess. 


•70 
.74 
•74 
•70 
•71 
•63 
-75 
.72 
.75 
•76 
•76 
.71 
•69 
•72 
•73 
•70 
•73 
•75 
•72 
•70 
•71 
•73 
•75 
•70 
•68 
•70 
•74 
•78 
•76 
•67 
•73 
•74 
•77 
•71 
•76 
•64 
•73 

•67 
•63 
•64 
•57 
•70 
•62 
•64 
•66 
•70 
•64 
•64 
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DISCUSSION. 

Mr.  C.  W.  Mebrifield,  F.R.S.  :  My  Lord  and  gentlemen,  I  think  the  sole  interest  of  this  paper 
consists  in  the  tables  at  the  end,  which  afford  a  comparison  between  the  load-line  actually  placed  on 
vessels  under  the  name  of  "  PlimeoH's  mark"  and  Mr.  Martell's  tables.  The  first  column,  I  think, 
is  of  by  far  the  greatest  interest.  The  column  including  Mr.  Martell's  tables  certainly  affords  us  a 
not  altogether  useless  means  of  comparison.  At  the  same  time,  with  regard  to  the  mark  itself,  I  do 
not  think  we  have  much  to  learn  from  it.  That  mark  was  simply  a  sacrifice  to  Moloch.  My  private 
opinion  is  that  the  best  place  for  it  would  be  the  maintop.  I  do  not  think  it  has  added  to  the  security 
of  vessels,  but  the  actual  statement  of  where  they  are  placed  on  the  average  is  not  without  interest. 
In  any  other  way  I  cannot  conceive  the  subject  to  be  of  the  least  practical  value.  I  should  at 
the  same  time  say  that  we  are  extremely  obliged  to  the  author  for  the  trouble  which  he  has  taken 
in  giving  us  this  comparison. 


ON  THE  DOUBLE  POWER  FLOATING  DOCK  AND  THE  HYDRAULIC  GRID. 


By  Latimer  Clark,  Esq.,  C.E. 

[Read  at  the  Twentieth  Session  of  the  Institution  of  Naval  Architects,  4th  April,  1879,  the  Right  Hon. 
Lord  Hampton,  G.C.B.,  D.C.L.,  President,  in  the  Chair.] 


In  1876  I  had  the  honour  of  reading  a  paper  before  the  Institution  of  Naval  Architects  on 
a  new  form  of  dock,  called  the  Depositing  Dock,  the  first  of  which  was  then  about  to  be 
constructed  for  the  Russian  Government  at  Nicolaieff ;  and  last  session  Captain  E.  E. 
Goulaeff,  R.I.N. ,  gave  a  detailed  description  of  this  dock  after  its  completion,  showing  that 
our  most  sanguine  expectations  had  been  fully  realised.  This  dock,  from  its  requiring  fixed 
stages  on  which  to  deposit  the  vessels  when  raised,  is  more  especially  suited  for  quiet  harbours 
or  rivers  in  which  there  is  no  considerable  current  or  rise  and  fall  of  tide,  and  where  the 
commerce  is  so  great  as  to  require  the  docking  of  several  vessels  at  the  same  time. 

The  numerous  inquiries  we  have  received  from  other  places  where  these  conditions  are 
not  obtainable,  together  with  our  practical  experience  of  the  varying  conditions  under  which 
vessels  have  to  be  docked,  have  led  us  to  give  the  question  prolonged  study,  and  to  design 
special  forms  of  docks  for  meeting  such  cases. 

Two  of  these  new  forms  appear  to  us  especially  worthy  of  the  attention  of  this  Institu- 
tion. These  are  called  the  Double  Power  Floating  Dock  and  the  Hydraulic  Grid  ;  the  first 
being  detached  and  requiring  no  foundations,  and  the  second  being  a  fixture,  adapted  for  use 
on  the  foreshores  of  tidal  rivers. 

The  Double  Power  Floating  Dock. 

This  dock  has  been  so  named  in  consequence  of  its  utilising  the  buoyancy  of  its  sides  ' 
in  combination  with  that  of  the  body  or  pontoon  part  of  the  dock.    The  necessary  result  of 
this  arrangement  is,  that  the  quantity  of  ironwork  in  a  dock  of  any  given  power,  is  very  much 
less  than  that  in  any  other  form  of  floating  dock  at  present  known. 

In  all  existing  floating  docks  the  sides,  which  are  usually  the  heaviest  portion  of  the 
structure,  are  out  of  use  when  the  vessel  has  been  raised,  and  not  ordyare  they  useless,  but 
the  dock  has  to  be  made  by  so  much  the  larger  and  more  buoyant  in  order  to  suppoit  their 
unserviceable  weight ;  the  sides  are  only  required  when  the  dock  is  being  submerged  in 
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order  to  receive  or  discharge  a  vessel,  and  it  is  obvious  tliat  if  means  can  be  devised  for 
getting  rid  of  their  weight,  the  pontoon  may  be  made  by  so  much  the  smaller,  and  if  in 
addition  to  this  their  enormous  buoyant  power  can  be  brought  into  play,  the  size  of  the 
body  of  the  dock  can  be  still  further  reduced;  or  if  there  be  no  reduction  made  in  the 
pontoon,  and  the  sides  be  made  to  give  buoyancy  instead  of  adding  weight,  the  lifting  power 
of  the  dock  will  be  by  so  much  increased :  in  fact,  it  is  in  practice  fully  doubled. 

Both  these  advantages  are  obtained  by  so  constructing  the  sides  of  the  dock  that  they 
can  slide  freely  up  and  down  in  grooves,  and  be  readily  secured  in  any  desired  position.  The 
modus  operandi  is  as  follows  : — Before  lowering  the  dock  to  receive  a  vessel,  the  sides  are  fixed 
in  such  a  position  that  the  dock  is  in  the  ordinary  form,  and  water  being  admitted  in  the 
usual  manner  it  sinks  to  the  required  level. 

The  vessel  having  been  admitted,  and  slightly  lifted  and  shored  in  the  ordinary  way, 
water  is  pumped  out  of  the  pontoon  of  the  dock  only,  until  the  whole  of  its  buoyancy  has  been 
brought  into  action.  At  this  stage  of  the  operation,  the  vessel  being  half-raised,  the 
water  in  the  two  sides  is  so  regulated  that  they  are  successively  made  just  self-supporting, 
and  neither  add  to  nor  detract  from  the  power  of  the  dock.  There  are  ready  means  for 
ascertaining  this  point.  In  order  to  complete  the  operation  and  bring  the  whole  power  of 
the  dock  into  action,  one  of  the  sides  is  then  unpinned,  and  water  admitted  into  it  until  it 
descends  to  its  lowest  level,  the  top  being  allowed  a  freeboard  of  about  five  feet ;  it  is  then 
rigidly  pinned  and  secured  in  its  new  position,  and  the  other  side  is  lowered  and  secured  in  a 
similar  manner.  It  is  now  only  necessary  to  pump  water  out  of  these  sides  to  add  their 
submerged  buoyancy  to  that  of  the  dock,  and  so  complete  the  operation. 

Fig.  1  (Plate  XXI.)  shows  a  plan  of  the  dock  with  a  vessel  outlined  upon  it,  and  Fig.  2 
shows  an  end  elevation.  B  B  B  B  are  four  corner  towers  rigidly  attached  to  the  body  of  the 
dock,  and  of  such  a  height  that  they  have  a  freeboard  of  about  five  feet  when  the  dock  is 
at  its  lowest  level ;  they  are  constructed  with  air-tight  compartments,  and  their  object  is 
to  add  to  the  stability  while  the  dock  is  being  raised  and  lowered,  and  to  make  the  dock 
uiisinkable  even  if  all  the  valves  were  purposely  left  open.  A  A  and  A  A  are  the  sliding 
parts  of  the  sides  ;  they  extend  along  the  greater  portion  of  the  length  of  the  dock,  and 
contain  the  engines  and  pumps.  C  is  the  pontoon  or  body  of  the  dock,  which,  it  will  be 
observed,  is  provided  with  pointed  ends,  in  order  that  the  buoyancy  may  be  principally 
given  under  the  heaviest  part  of  the  vessel,  and  to  enable  the  dock  to  be  towed  easily. 

Fig.  3  (Plate  XXI.)  shows  a  side  elevation  with  the  vessel  raised,  and  with  the  shding 
sides  A  A  lowered  so  as  to  utilise  their  buoyancy. 

At  first  sight  the  arrangement  of  the  sliding  sides  and  the  means  of  securing  them  in 
any  required  position  might  appear  to  present  some  difiiculty,  but  a  reference  to  the 
figures  will  show  that  no  real  difficulty  has  to  be  encountered. 

The  sides  are  guided  in  their  movement  by  a  great  number  of  steel  slides  attached  to 
strong  vertical  side  shoring  frames,  which  are  built  on  the  body  of  the  dock  as  indicated  in 
Figs.  7  and  9  (Plate  XX.) ;  these  frames  serve  the  double  purpose  of  shoring  the  vessel  and 
acting  as  guides  for  the  moveable  sides :  the  form  of  these  slides  is  shown  in  greater  detail 
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and  full  size  in  Figs.  4  and  5  (Plate  XXI.) ;  Fig.  4  being  an  elevation  and  Fig.  5  a  section. 
DJ)  are  two  vertical  slides,  resembling  railway  bars,  one  of  which  is  riveted  to  the  shoring 
frames  of  the  dock,  and  the  other  to  the  sliding  side.  These  vertical  slides  are  connected 
by  two  box  slides  of  steel,  marked  E  and  F.  In  Fig.  4,  E  is  the  upper  box  slide,  and  F 
the  lower  one ;  they  are  joined  by  a  connecting-rod  G,  so  that  both  move  together.  The 
upper  one  is  pierced  with  holes  for  receiving  steel  pins,  by  which  they  can  be  secured  at  any 
required  level ;  these  pins  are  shown  in  section  in  Fig.  5. 

The  upper  box  slide  E  is  first  secured  by  two  pins  to  the  shoring  fram.e  slide,  which  is 
on  the  right-hand  side  of  the  figure ;  the  side  of  the  dock  is  now  free  to  rise  and  fall,  sliding 
through  the  box  slides.  As  soon  as  the  side  rises  to  the  desired  level,  pins  are  inserted 
through  the  slotted  holes  in  the  box  slide  E,  and  as  soon  as  these  pins  take  their  bearing, 
the  holes  will  also  be  fair  to  receive  other  pins,  which  will  keep  the  side  rigidly  in  position. 
The  dock  and  sliding  sides  are  now  securely  attached. 

These  slides  occur  every  six  feet  on  each  side  of  the  dock. 

The  engines  are  two  in  number,  fixed  in  engine-rooms  in  the  sliding  siJes.  Each 
engine  drives  two  centrifugal  pumps,  one  pump  controlling  each  side,  and  one  pump  each 
lateral  half  of  the  body  of  the  dock — that  is  to  say,  one  pump  in  each  side,  and  two  in  the 
body  of  the  dock.  The  power  is  communicated  from  the  sides  to  the  pumps  in  the  body  of 
the  dock  by  means  of  bevelled  wheels,  one  of  which  is  fixed,  and  the  other  slides  up  and 
down  on  a  grooved  vertical  shaft  fixed  on  the  pontoon  and  connected  with  the  pumps  below. 
In  very  large  docks  there  might  be  an  advantage  in  placing  the  engines  in  the  four  corner 
towers. 

It  might  appear  at  first  sight  that  in  unfastening  one  of  the  sides  of  the  dock  in  order 
to  raise  or  lower  it,  the  dock  would  be  deprived  of  much  of  its  stability,  and  this  is 
undoubtedly  the  fact.  A  little  consideration  will,  however,  show  that  there  is,  nevertheless, 
at  all  times  more  than  abundant  stability. 

As  regards  the  vessel  itself,  it  must  be  remembered  that  being  only  half  out  of  water  it 
retains  nearly  as  much  stability  as  when  afloat,  and  any  movement  towards  either  side  causes 
nearly  the  same  displacement,  and  brings  into  action  nearly  the  same  righting  power,  as  if  she 
were  at  her  ordinary  light  load  line. 

The  stability  of  the  vessel  taken  per  se  is,  however,  a  matter  of  little  importance.  The 
real  stability  lies  in  the  fact  that  the  vessel  and  the  remaining  fixed  side  of  the  dock  are 
practically  in  rigid  connection,  and  form  one  floating  structure  with  a  width  of  beam 
probably  twice  as  great  as  that  of  the  vessel  itself,  and  any  listing  movement  is  immediately 
met  and  resisted  either  by  the  submerging  of  the  whole  area  of  the  vessel,  or  the  whole 
area  of  the  side  of  the  dock,  or  by  both,  the  centre  of  gravity  lying  somewhere  between  the 
vessel  and  the  fixed  side  of  the  dock.  This  is  well  illustrated  in  the  case  of  the  Nicolaieff 
Depositing  Dock.  It  is  well  known,  hov/cvcr,  that  there  is  a  point  where  the  vessel  adds  no 
stability  to  a  floating  dock,  that  is  when  her  bilges^  and  keel  are  just  rising  out  of  the  water; 
but  long  before  this  position  is  approached  both  sides  of  the  dock  have  been  successively 
lowered  and  rigidly  secured,  and  the  stability  is  that  due  to  the  two  sides  in  combination. 
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It  may  be  well  to  remark  that  in  the  majority  of  cases — that  is  to  say,  with  moderate- 
sized  vessels — it  would  be  unnecessary  to  use  the  shding  sides,  but  the  dock  would  have 
sufficient  power  to  be  used  as  an  ordinary  floating  dock. 

It  will  be  seen  that  the  longitudinal  strength  of  this  dock  is  very  great  indeed ;  the 
sliding  sides  adding  their  strength  to  that  of  the  bottom. 

We  have  hitherto  spoken  of  the  dock  as  having  four  fixed  corner  towers,  in  order  to 
give  extra  stability  and  secure  a  constant  surplus  floating  power  at  all  times;  but  it  may  be  of 
interest  to  those  who  carefully  study  questions  of  this  nature,  to  observe  that  there  is  no 
real  necessity  for  having  any  portion  of  the  sides  permanently  fixed,  and  some  economy  and 
advantages  may  be  obtained  by  dispensing  with  these  fixed  towers,  and  constructing  the  dock 
in  the  form  shown  in  Figs.  6,  7,  8,  9,  and  10  (Plate  XX.)  In  this  form  of  the  dock,  the 
sides  can  only  be  raised  or  lowered  under  two  conditions :  first,  when  there  is  a  vessel  on 
the  dock  giving  stability  in  the  manner  already  described,  or  secondly,  when  the  pontoon 
or  body  of  the  dock  is  raised  and  the  deck  above  water.  In  either  of  these  positions 
the  sides  may  safely  be  raised  or  lowered  successively,  and  fixed  in  any  desired  position. 

By  dispensing  with  the  corner  towers  we  not  only  save  their  cost,  but  save  also  the  cost 
of  the  floating  power  required  to  support  their  weight,  and  utilise  both  as  effective  buoyancy. 

We  have  not  hitherto  mentioned  one  of  the  most  invaluable  features  of  this  form  of 
dock,  viz.,  that  it  is  perfectly  and  readily  self-docking,  without  requiring  to  be  taken  apart  or 
removed  from  its  moorings,  and  every  part  of  the  dock,  both  inside  and  out,  is  easily 
accessible  for  cleaning  and  painting ;  even  the  underside  of  the  body  of  the  dock  can  in  less 
than  two  hours  be  raised  on  an  even  keel  several  feet  clear  of  the  water,  and  examined  with 
the  greatest  facility.  This  is  done  by  lowering  the  two  sides  until  their  decks  are  level  with 
.  the  deck  of  the  pontoon  ;  after  being  secured  in  this  position  they  are  pumped  out,  and 
raise  the  body  of  the  dock  several  feet  clear  of  the  water,  as  shown  in  Figs.  7  and  8.  The 
under  portions  of  the  sides  can  be  got  at  with  equal  ease.  It  will  be  seen  by  Figs.  9  and  10 
that  when  the  sides  have  been  secured  in  their  highest  position,  and  the  dock  is  pumped 
out,  they  are  raised  entirely  out  of  the  water,  and  are  everywhere  accessible. 

We  may  be  permitted  to  lay  great  stress  on  the  importance  of  this  feature,  as  it  is  well 
known  that  the  necessity  of  )eady  accessibility  for  cleaning  and  maintenance  is  one  of  the 
greatest  difficulties  of  all  existing  floating  docks.  With  the  exercise  of  proper  care  and  the 
great  facilities  of  access  possessed  by  this  dock,  it  is  almost  impossible  to  assign  any  limit  to 
its  durability. 

The  Hydraulic  Geid. 

The  second  form  of  dock  which  we  desire  to  describe  is  called  the  Hydraulic  Grid,  and 
bears  considerable  resemblance  to  the  Hydraulic  Lift  Dock  of  Mr.  Edwin  Clark. 

That  dock,  as  is  well  known,  is  constructed  with  two  rows  of  hydraulic  presses  and  rams, 
between  which  hang  suspended  a  number  of  transverse  girders  forming  a  gridiron,  which 
supports  a  pontoon  upon  which  the  vessel  when  raised  is  ultimately  floated.    These  docks 
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perform  their  functions  admirably,  but  they  are  chiefly  adapted  for  comparatively  deep  water, 
and  for  places  where  there  is  no  very  large  rise  and  fall  of  tide. 

The  Hydraulic  Grid  is,  on  the  contrary,  only  suited  for  places  where  the  rise  and  fall  of 
tide  is  great,  the  vessel  being  lifted  only  at  high  water,  and  consequently  the  greater  part 
of  the  work  being  performed  by  the  tide  itself. 

As  in  the  Hydraulic  Docks  of  Mr.  Edwin  Clark,  the  vessel  is  raised  by  hj  draulic  presses 
and  rams,  but  here  the  resemblance  ceases.  The  presses  are  placed  directly  beneath  the 
vessel  to  be  raised,  and  this  circumstance  enables  us  to  dispense  with  the  lofty  double  row  of 
guiding  columns,  the  numerous  cross  girders  which  have  to  be  of  great  strength  and  weight, 
and  the  yokes  and  chains  by  which  they  depend  from  the  tops  of  the  rams.  The  pontoon 
is  also  dispensed  with,  and  its  place  is  supplied  by  a  simple  grid  of  wrought  iron,  upon  which 
the  vessel  is  shored  and  raised.  By  thus  dispensing  with  so  many  parts  which  are  necessary 
in  ordinary  cases,  but  are  not  required  in  this  form  of  dock,  the  weight  of  the  apparatus  to 
be  lifted  is  reduced  75  per  cent.,  and  consequently  the  hydraulic  presses  are  proportion- 
ally reduced  in  number  or  size;  and  lastly,  since  the  lifting  operation  is  commenced  only  at 
high  water,  the  length  of  the  presses  is  diminished  by  about  one-half.  From  all  these 
causes  the  economy  in  cost  of  construction  is  very  great  indeed. 

In  favourable  positions,  such  for  example  as  on  the  foreshores  of  the  Thames  or  the 
Mersey,  hydraulic  grids  may  be  constructed  at  a  cost  of  five  pounds  per  ton  of  dead  weight 
to  be  docked,  while  as  compared  with  patent  slips  they  have  the  advantage  of  occupying 
very  little  space,  and  of  raising  vessels  on  an  even  keel  without  the  slightest  strain. 

Fig.  11  (Plate  XXI.)  is  an  end  elevation  of  the  grid,  from  which  it  will  at  once  be  seen 
that  the  rams  are  more  or  less  inclined,  so  as  to  cause  the  grid,  as  it  rises  and  falls,  to  bear 
steadily  against  the  quay  wall.  Fig.  12  is  a  side  elevation,  and  Fig.  13  represents  it  in  plan. 
The  large  columns  A  A  are  fender  columns  carrying  a  gangway;  they  also  serve  as  vertical 
guides.  The  presses  are  marked  B  B,  and  they  are  arranged  in  the  usual  manner  in  three 
groups,  supporting  the  vessel  triangularly.  The  presses  are  ranged  principally  under  the  keel 
of  the  vessel,  a  few  only  being  placed  under  the  bilges,  sufficient  to  give  transverse  stability. 
The  grid  itself  is  a  rigid  wrought  iron  skeleton  structure  of  plate  and  angle  irons,  carrying 
at  the  middle  portion  a  number  of  side  shoring  frames  for  retaining  the  vessel  in  position. 

The  grid,  when  raised,  may  be  either  supported  on  the  rams,  or  in  some  cases  on  strong 
legs  or  supports,  which  are  hinged  at  the  top  and  are  allowed  to  fall  down  into  a  vertical 
position  when  the  grid  is  raised ;  it  is  then  allowed  to  rest  upon  them,  and  the  rams  may 
then  descend  into  their  presses  until  again  required;  in  this  position  they  are  not  exposed 
to  rust.  In  tidal  rivers  where  the  ground  is  uncovered  at  low  tide  the  presses  can  be  sunk 
into  the  ground  and  concreted  with  great  facility,  and  the  leathers  are  readily  accessible  ;  in 
cases  where  the  presses  cannot  be  driven  or  screwed  in  a  true  position,  an  outside  cylinder  is 
sunk  and  the  press  dropped  into  it. 

The  grid  is  furnished  with  automatic  safety  valves,  so  arranged  that  if  a  leather  should 
l)urst  in  one  group,  and  the  grid  begin  to  get  out  of  level,  the  other  groups  would  auto- 
matically lower  themselves  by  the  slight  tipping  movement  of  the  grid  itself.    Very  small 
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engine  power  is  required,  as  it  is  only  necessary  to  raise  the  vessel  while  the  water  is  fulling, 
and  before  the  next  tide,  and  as  the  lifting  operation  commences  at  high  water  the  distance 
it  has  to  be  raised  is  a  minimum. 

Having  thus  described  these  two  forms  of  dock,  we  would  remark  that  while  the  Double 
Power  Dock  is  suited  for  deep  water,  rapid  rivers,  and  exposed  positions,  and  requires  no 
foundations,  the  Hydraulic  Grid  is  adapted  for  the  foreshores  of  rivers  and  harbours,  when 
there  is  a  great  rise  and  fall  of  tide,  so  that  every  possible  set  of  conditions  is  met  either 
by  one  of  these  two  docks  or  by  the  Depositing  Dock  first  alluded  to.  One  of  the  principal 
merits  of  these  docks  arises  from  the  fact  that  by  great  attention  to  detail  they  have  been  so 
designed  that  their  cost  in  all  cases  is  reduced  greatly  below  that  of  docks  as  hitherto 
constructed. 

There  are  numberless  places  where  docks  have  long  been  urgently  required,  but  where 
their  great  expense  has  hitherto  been  a  barrier  to  their  introduction.  That  obstacle  can  now 
be  scarcely  said  to  exist,  and  from  the  small  cost  at  which  these  two  forms  of  dock  can  be 
constructed  and  worked,  there  can  be  no  doubt  that  they  will,  when  known,  come  into 
extensive  use,  and  prove  a  real  boon  to  commerce. 


DISCUSSION. 

Mr.  E.  J.  Harland  :  I  should  like  to  ask  the  writer  of  this  paper  whether  such  a  plan  of  a  dock 
has  been  constructed,  and  has  been  in  practical  use  ? 

Mr.  J.  Scott  Russell,  F.E.S.  :  We  all  know  that  Mr.  Clark  and  his  friends  have  akeady 
constructed  a  multitude  of  similar,  but  unsimilar  structures,  in  which  a  great  many  of  the  principles 
involved  in  this  have  been  carried  out,  and  in  this  valuable  paper  he  seems  to  me  to  have  given  us 
the  result  of  a  multitude  of  years  of  most  extensive  experience  in  work  of  this  natm-e,  all  of  which,  I 
believe,  has  been  successfully  carried  out,  and,  therefore,  he  is  merely  giving  us  now  some  modifica- 
tions of  things  which,  not  the  same,  though  in  some  respects  similar,  have  been  perfectly  successful, 
which  we  are  all  acquainted  with.  Therefore  we  must  all  be  grateful  for  the  compliment  he  pays  us 
in  laying  before  us  certain  modifications  of  this,  even  if  they  have  not  already  been  carried  into 
execution. 

Admiral  J.  H.  Selwyn  :  I  think  the  Navy  ought  to  express  their  obligations  to  gentlemen  like 
Mr.  Latimer  Clark,  who  have  shown  us  that  it  is  possible  in  distant  countries  to  have  docks 
established,  which  never  could  be  done  by  the  expensive  excavation  and  building  which  was  formerly 
our  only  resort.  We  know  that  they  will  be  more  than  ever  needed  now  that  we  have  come  to 
understand  the  disease  of  surface-friction,  and  the  probability  that  the  new  warfare  will  be  conducted 
very  largely  under  water.  Consequently  on  his  discovery  our  ships  may  hope  to  get  repairs  on  their 
distant  stations,  without  being  taken  from  those  points  where  they  are  so  urgently  required.  It  seems 
to  me  that  every  advance  that  Mr.  Latimer  Clark  has  made  has  been  in  the  direction  of  what  is  of 
special  value  to  the  Navy,  diminishing  the  expense  at  which  these  repairs  can  be  effected,  and  adding 
to  the  security  of  the  kingdom.  I  have  seen  a  great  deal  of  floating  docks  in  foreign  countries,  but 
they  have  generally  been  very  cumbrous  structures,  and  I  am  very  sorry  to  say  a  great  many  of  them 
have  found  their  end  by  sinkmg  to  the  bottom  of  the  harbom-  in  which  they  laid,  remaining  there  and 
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refusing  to  do  any  more  work  afterwards.  That  was  in  the  early  days  of  floating  docks,  but  I  think 
Mr.  Latimer  Clark  has  shown,  especially  in  the  Eussian  ports,  the  enormous  value  of  a  rapid  means 
of  docking  vessels  as  they  come  in.  I  am  afraid  some  of  the  disasters  to  the  Turks  are  clearly 
traceable  to  the  fact  that  Mr.  Latimer  Clark  aided  the  Russians  in  cleaning  their  ships'  bottoms. 

Mr.  C.  W.  Merrifield,  F.E.S.  :  My  Lord  and  gentlemen,  I  agree  in  the  extreme  value  in  a 
national  point  of  view  of  any  easy  means  of  constructing  docks  in  our  different  Colonies.  One  of  the 
greatest  dangers,  I  take  it,  of  our  present  Navy  is  the  necessity  under  which  it  lies  of  returning  to 
England,  with  the  only  alternative  of  making  a  very  few  of  the  principal  ports  in  our  Colonies, 
before  they  can  refit  for  any  useful  purpose.  I  think  Mr.  Latimer  Clark,  by  placing  cheap  docks 
within  our  reach  for  a  much  larger  number  of  ports  than  we  could  have  ventured  to  apply  them  to, 
is  the  author  of  a  real  national  benefit.    I  certainly  wish  him  success,  and  I  hope  he  has  attained  it. 

The  President  :  Perhaps,  Mr,  Clark,  in  your  reply,  you  will  explain  Fig.  11,  Plate  XXI.  I  do 
not  understand  it. 

Mr.  Latimer  Clark  :  I  will  reply  to  the  questions  as  put.  In  answer  to  the  first  question,  I  may 
say  that  none  of  these  docks  have  yet  been  constructed — in  fact,  they  were  only  invented  during 
last  year.  I  should  explain  to  my  Lord  that  Fig.  11  represents  the  hydraulic  grid  with  a 
vessel  upon  it.  The  left-hand  wall  is  supposed  to  be  a  quay-wall,  and  the  right-hand  pillar 
is  merely  a  fender  column,  serving  as  a  defence  and  guide.  The  three  perpendicular  lines 
in  the  centre  represent  three  rows  of  hydraulic  presses,  of  which  the  centre  one  is  a  row 
extending  the  whole  length  of  the  keel  of  the  vessel.  The  other  two  are  chiefly  under  her  bilges. 
The  horizontal  line  which  rests  on  those  three  columns  is  the  body  of  the  grid,  and  the  two  perpen- 
dicular portions  on  the  right  and  left-hand  sides  supporting  the  vessel  are  of  course  the  shoring-frames. 
The  vessel  itself  is  seen  in  section. 

The  President  :  I  think  that  closes  our  business  for  this  evening. 


PROCEEDINGS  ON  APRIL  5T"- 


On  Saturday,  April  5th,  at  noon,  Lord  Hampton  in  the  chair,  the  Secretary  read  the 
names  of  the  Officers  of  the  Institution,  who  were  unanimously  re-elected.  ^Ir.  John 
CoRRY  was  elected  Auditor,  in  room  of  the  late  Mr.  R.  Caulyle,  deceased. 


ON  THE  MOST  POWERFUL  IRONCLAD. 
By  Rear-Admiral  J.  H.  Selwyn. 

[Eead  at  the  Twentieth  Session  of  the  Institution  of  Naval  Architects,  5th  April,  1^79,  the  Right  Hon. 
Lord  H.uipton,  G.C.B.,  D.C.L.,  President,  in  the  Chair.] 


The  most  Powerful  Ironclad  should  have  : — 

The  most  stable  gun  platform  combined  with  the  greatest  stabihty. 

The  most  powerful  guns  in  the  greatest  number. 

The  greatest  speed  for  the  longest  time. 

The  thickest  armour  of  the  most  durable  character. 

The  least  exposure  of  vertical  height  to  shot. 

The  least  liability  to  be  fatally  rammed. 

The  least  liability  to  fatal  torpedo  attack. 

The  least  draught  of  water  with  which  these  advantages  can  be  secured. 


The  "  Britannia  "  (See  Plate  XXII.) 


Length  on  water-hne 

,,       deck  .... 
Beam  on  water-line 

M       deck  .... 

Draught  forward  

aft 

Height  of  upper  deck  above  keel  (when  deck  is 
raised) 

Area  of  midship  section  .... 
Wetted  area 


350  feet. 
370  „ 
200  ,, 
220  ,, 
18  „ 

In 

36  „ 
2,333  square  feet. 
60,000 
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Weight  of  hull  (steel)  unarmoured  ....  ....  2,600  tons. 

Displacement      ....       ..  .       ....  ...  ....  14,767  ,, 

Total  weight  of  armour  ....       ....  ....  ...  4,775  ,, 

Thickness  of  armour  round  edge  of  gunwale    ....  30  inches. 

„    gun-pits  ....  30  „ 

Depth  of  armour  round  gun-pits  ...  ....  48 

Freeboard...        ....       ....       ...  ....  ...  8  ,, 

Armament,  twenty  80-ton  guns,  or  eight  100- ton  and  eight  80-ton.  All  this  weight  of  metal 
capable  of  being  fired  in  any  direction  in  five  minutes — nearly  13  tons  (12-tons  18  cwt.) 
Total  weight  of  armament,  4,500  tons.  Weight  of  each  broadside,  if  the  guns  do  not  revolve,  is 
half  of  the  above,  or  in  the  same  case  two  100-ton  guns  can  be  fired  right  ahead  or  right  astern. 

All  the  guns  are  mounted  on  Moncrieff's  Hydro-pneumatic  disappearing  principle., 

The  decks  throughout  are  plated  with  2-inch  iron  properly  hardened  on  the  surface. 
Those  over  tlie  gun-pits  are  supported  on  columns  with  hydraulic  presses,  and  can  be  raised 
six  feet  or  more  for  the  guns  to  fire  under  them.  They  are  also  provided  with  apertures  through 
which  the  guns  can  rise  and  fire  when  the  decks  are  close  down  on  the  pits,  on  Colonel  Mon- 
criefi"s  plan.  When  the  decks  of  the  pits  are  raised  only  two  or  three  inches,  there  is  a 
continuous  loop-hole,  through  which  musketry  can  be  fired  in  case  of  boarding. 

The  guns  rest  on  a  turntable  of  the  full  size  of  the  gun-pit,  in  each  pit.  These  turn- 
tables are  composed  of  steel  bars  set  on  edge,  and  would  stop  shell  fragments  while  not 
interfering  with  ventilation.  Each  turntable  can  revolve  once  in  four  minutes ;  thus  forty 
pounds  can  be  fired  in  ten  minutes,  with  sufficient  accuracy  for  all  broadside  work.  The 
turntables  are  raised  about  two  feet  above  the  deck  immediately  below  them.  Small  plat- 
forms project  from  the  turntables,  on  which  the  sponging  and  loading  is  carried  on,  if 
muzzle-loaders  are  employed. 

Disposition  of  Armoue,  Coal,  and  Engines. 

Round  the  whole  periphery  of  the  hull  there  is  iron  equal  to  30  inches'  thickness,  30 
inches  deep ;  this  may  have  a  wood  backing,  if  thought  to  be  necessary,  but  at  any  rate 
will  have  25  feet  of  coal  behind  that  again.  This  armour-belt  will  have  a  weight  of  about 
1,000  tons.  The  deck  armour,  2  inches  thick,  will  weigh  2,194  tons,  and  each  additional 
inch  of  thickness  about  another  thousand  tons  (or  say  9  inches  more  draught  of  water).  The 
larger  gun-pit,  with  a  diameter  of  122  feet,  will  have  a  belt  round  it  4  feet  deep  and  30 
inches  thick.  This  will  have  a  weight  of  about  800  tons.  Thesmaller  gun-pit,  with  a  diameter 
of  100  feet,  will  have  a  similar  armoured  edge  weighing  about  680  tons.  The  conning  tower, 
with  an  exterior  diameter  of  15  feet,  will  also  be  30  inches  thick,  and  will  have  a  weight  of 
about  40  tons.  It  would,  no  doubt,  be  desirable  to  have  a  belt  below  water  for  about  30  feet 
towards  the  keel,  of  at  least  two-inch  iron,  and  it  would  not  be  difficult  to  provide  this  if  it 
be  made  part  of  the  structure  and  be  not  considered  as  external  plating.     The  total  weight 
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of  such  a  belt  would  be  850  tons.  The  coal  supply  of  2,000  tons  is  carried  all  round  tlic 
structure  below  water,  but  there  is  one  point  at  the  stern  on  the  battery  deck  where  the 
torpedo  boats  will  interfere  with  it.  The  coal  bunkers  are  divided  as  much  as  possible  into 
water-tight  spaces,  and  the  same  precaution  is  largely  apj)lied  in  the  whole  structure;  but 
as  the  whole  power  of  the  engines  can  be  made  use  of  at  any  moment  for  the  pumping  out 
of  water,  and  as  a  leak  of  10  square  feet  takes  1,300  I.H.P.  to  meet  the  water  flowing  in, 
if  the  hole  be  18  feet  below  the  level — it  follows  that  10  such  holes  would  fail  to  sink  the 
vessel,  so  long  as  the  engines  could  be  worked,  even  if  every  hole  were  at  the  bottom,  where 
nothing  but  a  torpedo  could  make  it.  Or  if  a  hole  10  feet  square  be  caused  by  the  torpedo, 
even  two  such  could  be  met  by  resorting  to  higher  pressure  in  the  boilers  such  as  would 
always  be  carried  in  action,  since  in  boilers  constructed  on  this  system  no  increased  risk  is 
thereby  incurred.  As  to  the  effects  of  ramming,  it  has  been  proved  during  the  Confederate 
war  in  the  United  States,  that  on  such  a  knuckle  as  this,  the  vessel  that  rams  is  even  more 
likely  to  be  damaged  than  the  one  that  is  rammed.  (See  a  paper  by  Captain  Hamilton,  in 
the  same  volume  of  the  U.S.  Inst.  Journal.)  At  any  rate,  the  best  possible  provision  is  here 
made  against  serious  damage  from  any  such  attack,  while  existing  types  have  positively  none 
but  the  interior  watertight  compartments  which  a  previous  unlucky  shot  may  have  rendered 
permeable,  or  the  armour,  badly  disposed  to  meet  such  a  blow. 


Ventilation  and  Light. 

Here  there  will  probably  be  a  great  improvement  over  the  Devastation  type,  since  the 
gun-pits  at  all  ordinary  times  maybe  like  deck  cabins,  with  glazed  sashes  all  round  the  space, 
between  what  I  may  call  their  "  lids,"  i.e.  the  moveable  decks  above  and  the  rim  armour  of 
the  gun-pit  .In  the  captain's  cabin  and  ward-room  thfere  may  be  shutters  (iron-cased)  which 
form  skylights  when  not  in  place,  and  bullseyes  in  the  deck  must  suffice  for  the  smaller 
cabins.  The  ventilation  will  be  aided  by  the  engine-rooms  opening  under  large  spaces 
like  the  gun-pits,  and  in  which  up  and  down  currents  can  be  established  by  well-understood 
means. 

The  question  of  the  behaviour  at  sea  of  such  a  structure  as  this  will  be  always  one  of 
those  on  which  various  opinions  will  be  held;  but  those  who  know  anything  of  centre-board 
yachts  will  probably  believe,  with  Mr.  John  Elder,  that  no  vessel  will  combine  stabihty  with 
quietness  in  such  a  high  degree.  And  this  stabihty  of  vessel  will  also  mean  stability  of  gun 
platform,  the  two  stabilities  here  coinciding  instead  of  being  obtained  one  at  the  expense  of 
the  other,  as  in  former  cases. 

It  will  no  doubt  be  said  that  this  is  not  a  ship.  Anyone  is  at  liberty  to  call  it  what  he 
likes.  All  I  can  say  is,  that  I  believe  it  would  answer  its  purposes,  and  that  I  am  not  alone 
in  that  belief  may  be  seen  by  the  many  papers  that  have  been  written  on  similar  forms  by 
naval  architects  and  o'tliers.  I  have  advanced  very  little  except  a  combination  of  improve- 
ments by  various  persons,  which  I  have  seen  reason  to  think  highly  valuable  ;  I  have 


2U  ON  THE  MOST  POWERFUL  IRONCLAD. 

ventured  to  depart  from  Mr.  Elder's  circular  form,  as  Admiral  Popo£f  departed  from  it  in 
another  direction — I  hope  with  more  chance  of  success,  certainly  for  entirely  different 
reasons.  Even  if  this  structure,  costing  ahout  as  much  as  the  Devastaiion,  were  not 
possessed  of  gun  power  more  than  four  times  as  great,  it  would  certainly  be  able  to  turn 
more  quickly  and  in  less  space  and  draught  of  water,  and  thus  be  a  more  formidable  floating 
fort,  leaving  out  of  the  question  any  difference  of  behaviour  at  sea.  Either  engine  alone 
possesses  a  complete  steering  and  propelling  power,  irrespective  of  any  rudders,  which  might, 
however,  easily  be  fitted  if  desired,  like  sliding  keels. 

As  to  torpedo  boats,  the  fleet  of  wasps  which  must  now  be  held  to  be  a  necessary 
adjunct  to  each  unit  of  our  naval  power,  there  is  here  provision  for  nine  such,  all  to  be 
carried  below  deck.  I  almost  think  it  is  time  to  give  up  the  carrying  of  any  boats  propelled 
by  oarsmen  in  a  man-of-war,  if  one  pound  of  coal  will  give  us  one  H.P.  These  torpedo 
launches  can  be  raised  on  to  the  deck  for  launching,  along  projecting  ways,  like  some  of  the 
life-saving  appliances,  and  be  got  on  board  again  in  the  same  way,  being  afterwards  lowered 
through  iron-cased  shutters  in  the  deck  to  their  ordinary  place  of  stowage. 

Armament. 

No  such  battery  has  ever,  I  believe,  been  proposed  even  for  a  floating  fort. 
Eight  100-ton  guns,  and  eight  80-ton  guns,  all  of  which  are  available  on  any  point  of  the 
compass,  except  the  fore  and  aft  line  of  the  vessel,  at  any  rate  seem  formidable  enough  for 
all  probable  requirements  in  coast  defence  ;  and  if,  as  I  believe,  such  a  vessel  will  answer  as 
well  at  sea,  then  it  would  be  hard  to  match  her  with  any  two  deep-keeled  ships  carrying 
such  guns  and  such  armour,  either  on  the  broadside  or  in  turrets,  in  point  of  cost, 
handiness,  or  light  draught,  besides  the  other  advantages,  almost  all  of  which  are  due  to  the 
adaptation  of  Colonel  Moncrieff 's  gunj^its  and  hydro-pneumatic  carriages,  instead  of  turrets 
and  recoiling  carriages,  however  well  these  latter  may  be  controlled  by  Captain  Robert 
Scott's  most  ingenious  and  valuable  appliances.  I  have  taken  the  weight  of  each  100-ton 
gun  with  carriage  and  all  equipments,  munitions,  &c.,  as  320  tons  ;  each  80-ton  gun  as  250 
tons  ;  and  this  gives  a  total  weight  of  armament  of  about  4,500  tons. 

As  each  day's  coal  consumption  on  full  steam  will  be  about  200  tons  I  have  not  thought 
it  necessary,  in  a  sketch  like  the  present,  to  go  closely  into  all  the  weights,  any  excess  in 
which  an  increased  draught  of  water  of  a  few  inches  at  starting  would  amply  provide  for, 
without  any  great  or  prolonged  inconvenience  ;  besides  which,  these  calculations  belong 
rather  to  naval  architects  than  to  seamen,  as  long  as  the  two  professions  are  not  combined, 
as  they  ought  certainly  to  be.  As  most  persons  will  be  disposed  at  first  to  consider  this  as 
a  floating  coast  defence,  it  will  be  well  to  examine  a  few  points  in  connection  with  the 
anchoring,  grounding,  &c. 

As  to  the  position  of  hawse-holes,  I  think  it  would  be  necessary  to  separate  those  for 
the  bower  anchors  but  little,  there  being  no  stem  ;  but  those  for  the  sheet  anchors  much 
more  widely,  the  latter  to  be  used  exclusively  in  heavy  weather,  unless  when  moored ;  in 
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that  case  the  bower  anchors  could  be  shackled  to  the  sheet  chains,  or  vice  versa,  in  order  t(; 
have  the  greatest  buoyant  power  before  or  in  front  of  the  points  of  attachment.  In  ground- 
ing— which  may  sometimes  occur  with  a  coast  defence  sliip,  when  she  passes  over  shoal 
water  where  her  adversaries  cannot  follow — the  form  of  bottom  here  shown  will  facilitate 
getting  off  from  sand  or  mud,  as  in  such  substances  there  will  be  only  one  point  of  contact, 
which  the  jet  from  the  hydraulic  will  speedily  excavate.  There  is  no  screw  or  rudder  to 
destroy  by  bumping,  and  very  little  damage  need  be  apprehended  with  a  moderately  soft 
bottom  from  lying  aground.  In  a  naval  action  the  hydraulic  propeller  has  great  advantages  ; 
no  wreckage  can  foul  it,  no  unlucky  shot  can  derange  its  after  bearing,  no  rudder  is 
necessary  to  it,  and  no  great  circle  has  to  be  described  before  a  broadside  or  a  ram  can  be 
brought  into  play.  There  is  no  order  to  be  conveyed  below,  and  perhaps  misunderstood 
there,  neither  is  there  any  reversing  of  engines  in  order  to  back  the  ship.  All  her  move- 
ments are  under  the  control  of  one  master  mind  and  hand,  and  if  such  a  vessel  ever  comes 
into  existence,  it  is  my  firm  conviction  that  that  mind,  and  that  hand,  will  control  the  most 
formidable  and  the  most  powerful  ironclad  that  has  ever  been  floated  on  the  ocean,  and  one 
which  might  successfully  defy  any  two  of  the  largest  yet  devised. 

"  Britannia  "  Ironclad. 

Hydraulic  engines,  two  sets  (Perkins). 

*  Indicated  horse-power          ...  ...  ...  21,000 

Coal  suj)ply    ...        ...        ...  ...  ...  2,000  tons. 

Speed  ...        ...        ...       ...  ...  ...  16  knots. 

Number  of  days' full  steaming  ...  ...  10 

Distance  in  that  time           ...  ...  ...  3,840  knots. 

The  coal  supply  can  be  doubled  if  desired  by  giving  an  increased  draught  of  water  of 
eighteen  inches  at  starting.  The  boilers  are  on  Perkins'  principle,  and  will  give  with  a 
maximum  of  safety  and  durability  one  indicated  horse-power  with  each  pound  of  coal.  The 
pressure  on  these  boilers  may  be  increased  from  500  lb.  on  the  inch  to  1,000  lb.  without  any 
danger  of  bursting.  If  struck  by  shot  no  explosion  w^ould  take  place  ;  no  internal  corrosion 
or  scale  ever  occurs  to  diminish  the  strength,  and  render  necessary  a  reduction  of  pressure. 
As  the  combustion  in  these  boilers  is  slow  and  perfect,  less  heat  will  be  felt  in  the  engine- 
rooms,  and  less  stoking  will  be  required.  Distilled  water  is  used,  and  is  re-condensed.  The 
steering  is  entirely  done  by  the  engines  on  the  late  Mr.  John  Elder's  plan  of  changing  the 
direction  of  the  issuing  jets  of  water,  fully  described  in  the  U.  S.  Institution  Journal,  vol.  xii. 
(1868),  No.  32,  p.  520  et  seq.,  and  to  which  able  paper  I  refer  those  who  may  have  any 
doubts  on  the  means  of  steering  or  propulsion  here  advocated.  As  to  the  engines  and 
boilers,  the  report  of  the  Boiler  Committee  has  been  most  favourable,  and  is  confirmed  by 
recent  experience  on  a  larger  scale  than  ever  before. 

*  Tlie  Mary  Powell,  a,  flat-bottiraed  paddle-wheel  steamer,  draught  fi  feet,  took  8  I.H.P.  per  square  foot  of  mid  section  to 
drive  her  20  miles  per  hour,  2,33-?  feet  mid  section  at  S  I.H.P  =ls.f;R4  I.H.P.  Ahwamlra  takes  :^01  I.H.P.  per  square  toot 
wetted  area  to  drive  her  15  knots  ;  00,000  square  feet  wetted  ai-ea  with  21,000  I  H.P.  is  equal  to  350  I.H  P.  per  square  foot. 
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No  doubt  ought  now  to  exist  that  one  pound  of  coal  per  indicated  horse-power  per  hour 
has  become  the  standard  from  which  no  steamship  engines  ought  to  derogate.  As  with  the 
compound  engine,  this  economy  has  mainly  been  rendered  possible  by  the  use  of  more 
scientifically  constructed  boilers,  in  which  much  greater  pressure  can  be  safely  carried.  The 
engines  have,  however,  a  peculiar  feature,  in  that  they  are  run  without  any  internal  lubrica- 
tion. The  great  heat  of  steam  at  500  lb.  on  the  inch  pressure,  would  immediately  carbonise 
any  such  substance  as  oil,  and  the  metal  or  alloy  which  Mr.  Perkins  employs  for  his  piston 
rings  is  therefore  a  sine  qua  non,  and  seems  to  answer  its  purpose  perfectly  so  far  as  it  has 
yet  been  tried.  The  invention  of  this  alloy  would  alone  have  been  a  most  valuable  improve- 
ment, but  when  we  find  that  the  expenditure  of  coal  for  the  production  of  power  has  again 
been  halved  within  one  century,  a  debt  of  gratitude  becomes  due,  first,  to  that  Providence 
which  has  thus  calmed  our  fears  for  the  possible  exhaustion  of  our  fuel,  and  added  to  the 
means  of  that  intercommunication  which  is  the  truest  civiliser;  next,  to  the  inventor  who, 
through  much  discouragement,  and  by  many  labours,  has  brought  the  invention  with  which 
he  and  his  forefathers  were  charged  to  the  stage  of  perfection  at  which  we  now  find  it. 

The  peculiar  state  in  which  the  gaseous  elements  of  water  exist  under  pressures,  and 
at  temperatures  such  as  are  here  spoken  of,  produces  a  most  beneficial  effect  on  the  iron  with 
\\hich  they  come  in  contact.  As  Professor  Barff  has  repeatedly  shown,  a  peroxide  is  formed 
which  is  insensible  to  the  action  of  even  hot  sulphuric  acid,  and  we  may  expect  also  in  a  mea- 
sure to  the  action  of  chlorine,  the  insidious  enemy  of  all  boilers,  and  which  can  with  difficulty  be 
eliminated  from  salt  water  by  any  ordinary  distillation.  The  engines,  and  notably  the  con- 
densers, should  be  proportioned  to  provide  for  a  much  higher  number  of  revolutions  than  the 
ordinary  working  rate,  as  it  is  contemplated  that  in  chase  or  other  emergency  increased 
pressure  should  be  developed  in  the  boilers.  Steel  should  largely  be  used  in  substitution  for 
iron  in  their  construction,  since  some  kinds  of  steel  are  only  very  good  iron,  and  in  the 
bearings  aluminium  bronze  will  be  found  a  most  valuable  alloy.  Every  pump  which  is  in 
connection  with  the  boiler  must  be  made  with  reference  to  the  temperature  of  the  gases — for 
it  can  scarcely  be  called  steam — which  exist  in  the  boiler,  or  water-gas  generator,  as  it  may 
prove  to  be.  Only  last  year  in  this  Institution  it  was  said  that  all  improvements  in  high  pres- 
sure boilers  had  proved  failures,  and  the  boilers  of  the  Montana,  Dahcotah,  and  others  carrying 
130  lbs.  pressure  were  mentioned  as  instances.  They  were  no  doubt  constructed  under  a 
most  mistaken  theory,  and  ought  to  have  failed  precisely  as  they  did,  but  that  does  not 
invalidate  the  fact  that  for  thirteen  years  boilers  on  the  Perkins'  system  have  been  doing,  and 
are  still  doing,  satisfactory  work  with  less  than  one  pound  of  coal  per  indicated  horse-power. 
The  reason  why  is  not  difficult  to  understand.  Mr.  Perkins  confines  his  whole  boiler  to 
three-inch  tubes,  which  can  easily  bear  the  pressure  he  proposes  to  use.  He  then  carries 
the  expansion  by  heat  of  the  water  so  far  that  the  separation  of  its  gaseous  elements  is  com- 
plete, and  part  of  the  oxygen  being  absorbed  by  the  iron  to  form  a  peroxide,  the  surface 
thereafter  becomes  insensible  to  any  other  oxygen,  notably  to  that  which  we  call  rust,  which 
is  a  lower  combination  of  iron  and  oxygen.  The  proof  of  this  is  that  when  the  boiler  is 
opened  after  continued  firing  for  the  first  time,  the  hydrogen  which  was  in  the  heated  state 
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abandoned  by  its  oxygen  in  favour  of  the  iron,  with  which  alone  it  could  combine  at  that 
temperature  and  pressure,  can  be  lighted  and  burnt  as  a  separate  product,  and  that  the  iron 
inside  the  tubes  is  throughout  coated  with  the  peroxide,  as  above  stated.  But  I  believe  it 
is  fair  to  state  that  only  Professor  Barff  and  myself  have,  so  far  as  I  know,  hitherto  held  this 
theory.  It  remains  for  others  to  explain  the  facts  in  some  more  perfect  manner,  if  it  can  bo 
done  ;  meanwhile  I  have  to  apologise  for  this  digression.  At  the  same  time,  the  possibility 
of  having  such  advantages  at  sea  as  I  have  claimed  for  the  most  powerful  ironclad,  is  largely 
dependent  on  the  successful  and  economical  use  of  very  high  pressures,  and  immunity  from 
ordinary  decay  or  fatal  accident  in  the  boilers;  and  more,  this  great  advance,  once  thoroughly 
understood,  will  enable  us  to  reduce  the  yearly  expenditure,  and  double  the  efficiency,  of  all 
existing  types  of  vessel. 


Table  I. — "  Dandolo  "  and  "  Duilio  "  Ironclads. 


Length  between  Perpendiculars          ....        ....        ...  340  ft.  11  in. 

Beam      ...        ...        ....        ...        ...        ....       ....  64  ,,    9  ,, 

Draught,  forward          ....        ....        ...        ...        ...  25  ,,    5  ,, 

) )          ctft      •••        ••••        •••        ••••        •••        •••  2Gjj 

Depth  of  Hold   21  „  11  „ 

Area  of  Midship  Section          ....                             ....  1,460-6  sq.  ft. 

Weight  of  Unarmoured  Hull    ....       ....        ....       ....  3,395"5  tons. 

Displacement      ....       ....       ....       ....        ...        ....  10,401  ,, 

Total  Weight  of  Armour....       ....       ....       ....        ....  9,559  ,, 

Wood  Backing    239 

Number  of  Compartments       ....       ....       ....       ....  102 

Diameter  of  Interior  of  Turrets         ....       ....       ....  25  ft.  9  in. 

Thickness  of  Armour  at  Water4ine     ....       ....         .  21*65  in. 

Thickness  of  Wood-backing  at  ditto     ....       ....        ....  23*62  ,, 

Thickness  of  Armour  in  Turrets         ....       ....       ....  17*71  ,, 

Thickness  of  Wood-backing  in  ditto    ....        ....        ...  11*81  ,, 

Weight  of  Guns,  their  Machinery  and  Ammunition   ...  984*2  tons. 

No.  of  Guns                                                 ....       ....  4 

Weight  of  each  Gun     ....       ....       ....        ....       ....  98*5  tons 

Weight  of  Broadside  Metal    3*87,, 

Bow  fire   2*9  ,, 

Stern  fire   1*93  „ 

Length  of  Guns   32  ft.  10^  in. 

Breech  Diameter          ....       ....       ....       ....       ....  77  in. 

Muzzle  Diameter          ...       ...       ....       ....       ....  29 


E  E 


[Table  H. 
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Builder 
I.H.P. 

Engines 
Revolutions 
Propellers 
Diameter 
Pitch 
Speed 
Grate  Surface 
Heating  Surface 
Pressure 

Coals  in  Bunkers 
Consumption  per  day 
Full  Steaming 


Table  11. — Engines,  dc. 

"  Daudolo." 
Maudslay 
7,900 
Compound  .... 
80  .... 
2 

16  ft  

19  „  .... 

14  knots 
811-5  sq. 
22,991 
60  lbs.... 
1,279  tons 

211  „ 
6  days 


ft. 


Table  III. — "  Italia  "  Ironclad. 

Length 
Beam 

Draught,  forward  .... 

aft  

Height  of  Upper  Deck  above  Keel 
Area  of  INIidship  Section  .... 
Weight  of  Unarmoured  Hull 
Displacement 

Double  Bottom — length  ... 

width  .... 
,,  depth  ... 

Two  Longitudinal  Bulkheads,  Water-tight  Compartments 

Forty  of  these  above  the  double  bottom,  three  in 

the  rear  and  ten  forward  of  it. 
Four  water-tight  decks  :   lowest  plated  with   iron  3 

in.  thick,  8  ft.  2  in.  below  water-line;  second 

deck  5  ft.  above  it;  battery  deck  14  ft.  9  in. ;  and 

upper  deck  19  ft.  ^\  in.  above. 
Tsvin  Screws, 
lilngines,  Ind.  H.P. 
Calculated  speed  .... 


"  Duilio." 
Penn. 

7,500 
Ordinary. 
65 
2 

17-3  ft. 
19-6  „ 
14  knots 
899-6  sq.  ft. 
23,775 
30  lbs. 
1,279  tons. 
321  „ 
3  days  20  hours. 


400  ft. 
73  „  10  in. 
25  „    4  ,, 
30  „    4  „ 
49  „     3  „ 
1,848  sq.  ft. 
5.000  tons. 
13,480  „ 
254  ft.  3  in. 
59  „ 

3  ,,  o 
53  in  number. 


18,000 

16  knots. 


EXTRACT  FROM  A  LETTER  ON  STEAM  GUN-BOATS  OF  SHALLOW  DRAUGHT  AND 

HIGH  SPEED. 

TnE  following  letter  was  addressed  to  a  scientific  friend,  with  a  view  to  its  being  read  at  the  late 
meeting  at  Liverpool  of  the  British  Association,  where  I  expected  that  I  should  see  those  gentlemen 
whose  adverse  opinions,  on  a  former  occasion,  I  had  endeavoured  to  meet  in  the  hope  of  clearing  from 
difficulty,  and  bringing  before  the  Government  and  the  Pubhc,  a  most  important  subject.    My  friend, 


ON  THE  MOST  POWERFUL  IRONCLAD. 


210 


however,  unfortunately  could  not  attend,  and  the  Chairman  of  the  Mechanical  Section,  before  whom 
it  would  have  been  brought,  had  previously  received  too  many  suljjects,  and  had  treated  this  subject 
with  too  much  ridicule  for  me  to  attempt  to  press  it  upon  him  : — 

15,  Pdrlc  Street,  Westminster. 

My  Dear  Reade, — Now  that  the  advantage — nay,  even  the  necessity — of  having  war-vessels  of 
light  draught,  but  of  comparatively  heavy  burden,  driven  at  consideral)le  velocity,  admits  of  no  doubt 
and,  considering  the  treatment  of  my  Paper  of  April  last,  I  may  surely  be  excused  for  attempting  in 
another  place  to  show  publicly  that  the  mode  of  propelling  vessels  by  the  reaction  of  a  jet  of  water 
possesses  considerable  advantages,  and  has  been  unjustly  condemned. 

The  paddle-wheel,  made  as  large  as  it  should  be  for  the  necessary  speed,  offers  too  fair  a  mark  to 
the  enemy,  and  the  screw  cannot  be  applied  to  its  full  advantage  in  vessels,  of  shallow  draught ;  but 
to  the  propulsion  by  the  jet  I  see  neither  of  these  objections  apply. 

But,  we  are  told,  the  method  of  propelling  vessels  by  pumping  has  been  proved  l)y  manj*  eminent 
engineers,  by  very  many  and  very  costly  experiments,  to  be  a  failure  ;  and,  after  the  appearance  of 
my  theory,  which  I  believe  to  be  the  true  theory,  and  which  I  have  with  great  pains  tried  to  explain  to 
those  persons  who,  one  would  think,  were  most  capable  of  understanding  it ;  still,  as  before,  some  say, 
"  There  is  nothing  in  it — it  is  all  a  mistake — it  is  ridiculous  ;"  others  say,  "  There  may  be  something 
in  it,  but  there  is  even  in  theory  a  loss  of  one-half  the  power ;  "  Mr.  Gravatt's  theory  is  all  l)lunder  ;" 
and  all  make  inconceivable  mistakes  in  what  they  call  the  result  of  experiments  and  in  the  theory. 

Without  further  preface,  let — 

V,  =  velocity  of  the  boat,  in  feet  per  second,  through  still  water. 
r«  =:  velocity  of  the  tail-water,  or  jet,  with  regard  to  the  boat. 
a,  —  area  in  square  feet  of  the  head  water. 

—  area  in  square  feet  of  the  tail  water. 

p  —  pressure  in  lbs.  to  keep  the  boat  at  the  velocity  v. 

P  —  lbs.  X  feet  per  second,  engine  power  (which,  divided  by  550,  gives  horse  power). 

—  p     lbs.  X  feet  per  second,  which,  divided  by  550,  gives  effective  horse  power  ; 

and  note,  that  as  a  cubic  foot  of  sea-water  weighs  64'18  lbs.,  and  2  (7  is  so  nearly  the  same,  in  all 
cases  they  are  taken  as  equal,  both  being  written  64. 

The  head  due  iov,=  ^  ,  and  the  constant  pressure  to  bring  the  head  water  to  a  state  of  rest,  with 
regard  to  the  boat,  is, 

X  64a,  =  2.>,lbs. 

The  head  due  to  r„  =  ^  ,  and  the  reacting  pressure  of  the  tail,  is, — 

2r,/  rt„  lbs. 

.•,  /;  =  2  u,/      —  2  lbs. 

The  pumping  power  is  64v„rt„lbs.  raised      -  qI  feet  per  second  =  f„a„(iV"  -  ^-■'")  =  P- 

Now  put     =  n  v„  then,  as  the  same  quantity  of  water  goes  out  as  comes  in, — 

=        •••  a,,  = 

.-.  I>  =  'l{n  -  l)v;-  a,,  aud  E  =  2  (h  -  1 )  r/  a„ 

T)      /  2      1  ^    3         J  E      2  (7i  -  1) 
P  =  (n^  -  1)  I.;  a,  and  p  =  -^^^37  • 
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Now  when  this  expression  is  a  maximum,  it  is  of  the  form  q  ~  when  n  =  1,  E  =  0,  P  =  0, 

2  (n  -  1)  _      2  (»  -  1)      _  2 


-  1        (n  +  1)  (n  -  1)      n  +  1 


E 


Now  if 
but  when 


n  =  10, 


n  =  1'5, 


E  =  18  i' 


E 


99     a,  or 


E 


2^ 

n' 


Now,  without  going  further,  take  as  an  example  the  Medea  paddle-wheel  steam  frigate,  of 
843  tons  burden,  and  14*5  feet  draught,  where  it  has  been  said, — 

p     4500  lbs.  t),  =  16, 
and  the  horse-power  220,  but  which  I  believe  is  nearer  330. 

Let  n  =  1-5,  then  p  =  16'  a,  =  4500,  or     =  17-6  and     =  11-7, 

.,=  16,;  r„=24. 


The  horse  power 


1;25 
550 


X  17-6  X  16»  =  164  nearly. 


This  result  is,  of  course,  exclusive  of  friction  ;  but  here  is  a  large  margin,  although  7i  is  not  taken 
so  small  as  it  might  be  ;  and  when  we  consider  the  draught  of  water  for  this  mode  of  propulsion  need 
not  be  more  than  4  feet,  the  advantage  for  vessels  of  light  draught  is  evident. 

Now  to  persons  really  conversant  with  hydro- 
dynamics, the  foregoing  is  all  and  more  than  I 
should  offer ;  but  as  a  familiar  way  of  conceiving 
the  matter,  we  may  consider  figure  1. 

In  the  diagram  Figure  1,  let  A  B  C  D  represent 
a  vessel  moving  through  the  water  in  the  direction 
A  B,  with  a  velocity  v'.  Let  S  S  represent  the 
surface  of  the  water  ;  C  D  being  the  bottom  of  the 
vessel ;  L,  the  level  of  the  water  in  a  tank,  called 
the  lower  tank  ;  U,  the  level  of  the  water  in  a  tank, 
Fig.  1.  called  the  upper  tank ;  P,  a  pump  lifting  the  water 

from  the  lower  tank  to  the  higher. 

The  arrows  show  the  direction  the  water  takes. 

The  water  is  made  to  enter  the  vessel  at  a, ;  is  brought  to  a  state  of  rest  with  regard  to  the  vessel, 
and  raised  to  a  height  h„. 

Whatever  causes  this  state  of  things,  may  properly  be  called  the  Cause. 

The  water  descends  from  the  height  h,„  and  flows  out  at  the  stern  at  a. ;  and  whatever  be  the 
effects  produced,  the  sum  may  properly  be  called  the  Effect. 


Now  the  vessel  moving  with  the  velocity  v„  the  pressm-e  at  a,  is  measured  by  2,h,a, 


¥2 


' ,  and 

V 

as  the  quantity  of  water  flowing  out  is  equal  to  that  coming  in,  we  must  have  a,    =  a„v„  or  a,  =  '  a,„ 


and  the  pressure  =  «„. 
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The  relative  velocity  of  the  water  being  v„  the  cause  of  the  water  ilowing  into  the  lower  tank  L, 

v  '^  V 

and  remaining  there  relatively  at  rest,  will  be  properly  measured  by  a,. 


Again,  the  lift  from  the  lower  to  the  upper  tank  U  is  h„  —  h,  =  " '  and  the  cause  of  the  water 


V      —  V 

rising,  this  stage  is  properly  measured  by  "       '  v„a„. 

v'^  V  V  *  —  a 

The  sum  of  these  causes  -br""v/  +  "  ^ .  ■ '  v,, a„  =         v„v,)  -"  is,  therefore,  the  proper  measure 


of  "The  Cause." 

V  ^ 

Now  the  water  flowing  out  of  the  upper  tank  will  have  a  velocity  due  to  h„  =  ^'^ ,  and  the  counter- 
pressure  will  be  -z^     ;  and  as  the  vessel  moves  with  a  velocity  v„  this  part  of  the  effect  will  be 

V  " 

measured  by  ^  a,,  v,. 

But,  besides  this,  the  velocity  in  space  of  the  effluent  water  will  be  v„  —  v„  and  this  effect  will  be 

(v  -  V  Y 
measured  by    ''  ,  '  » ,  a  .. 

The  sum  of  the  effects,  or  "  The  Effect,"  is,  therefore,  properly  measm-ed  by 

«"  =  ("■"'  +  •■"■->  a- 

The  expressions  for  the  cause  and  the  effect  being  identical,  obtain  whatever  may  be  the  absolute 
or  relative  values  of  v,  and  v„ ,  and  so  far  show  the  parts  have  been  rightly  determined.* 

This  mode  of  dividing  the  cause  and  effect  into  parts  and  showing  the  identity  of  the  expressions 
for  the  sums  (although  not  necessary  any  more  than  the  diagram),  is,  I  conceive,  instructive,  and 
enables  us  to  see  pretty  clearly  what  is  going  on,  and  how  to  apply  the  formula  practically. 

The  matter  is  of  so  much  consequence  that  I  must,  however  unwillingly,  make  som.e  remarks  on 
the  very  different  results  obtained  both  theoretically  and  practically  by  other  engineers,  and  to  notice 
a  paper  of  some  length  (in  which  I  am  directly  censured  and  supposed  to  be  confuted)  presented  hj 
Mr.  Di'unel  to  the  Institution  of  Civil  Engineers,  in  answer  to  the  foregoing,  which,  with  two  other 
ways  of  considering  the  matter,  I  laid  before  the  Council,  and  exliibited  at  an  Ordinary  Meeting  of  the 
Society  in  April  last,  but  which  the  perhaps  natural  impatience  of  a  large  assembly,  not  all  scientific, 
at  any  mathematical  subject,  the  noise  of  a  party,  and  preconceived  ideas  of  my  being  in  error,  pre- 
vented their  attending  to. 

In  the  fii'st  place,  the  fact  originally  discovered  by  Newton  from  theory,  that  the  counter-pressm-e 
of  an  effluent  stream  of  water  is  double  the  pressure  of  the  column  of  fluid  due  to  the  velocity,  was 
either  wholly  unknown,  directly  disputed,  or  even  after  my  demonstrations  and  practical  proof, 
considered  false,  or  at  least  an  unaccountable  myster3\ 

I  shall,  therefore,  in  order  to  clear  the  ground,  give  the  demonstrations  I  exhibited  ;  and,  fii'st, 
that  borrowed  from  Newton,  although  I  shall  use  his  fluxional  method  instead  of  his  method  of  prime 
and  ultimate  ratios,  used  by  him  in  his  demonstration. 

*  "  You  with  whom  I  have  talked  over  the  logic  of  the  higher  branches  of  mathematics  and  physics,  know  the  stress  I 
in  certain  cases  put  upon  the  difference  between  identity  and  mere  equality,  and  have  heard  me  more  than  once  remark, 
that  if  you  say  to  a  man,  '  The  effect  is  only  half  of  the  cause,'  he  will  immediately  assent,  though  he  would  rather  stare  it 
you  told  him  the  c(itise  was  only  half  the  e'feet." 
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B  Let  A  B  be  the  surface  of  the  water  in  a  vessel  of  un- 
limited extent;  C  D  the  bottom  of  the  vessel.  Let  h  be  the 
depth  of  the  water,  and  a  the  diameter  of  a  circular  hole  in 
the  bottom  through  which  the  water  issues  ;  let  also  s  =  con- 
tents of  the  cataract  F  G  H  I. 

Now,  considering  the  figure,  the  velocity  of  the  water  at 
a  will  be  8  \/h,  and  the  velocity  at  y  will  be  8  a/x;  and  as 
the  quantity  of  water  j^assing  any  point  must  be  equal,  we 

must  have  B  s  =  y^-  8  x  =  8  x,  which  when  x  =  gives  s. 
=  2  /t  aK 

Now  the  contents  of  a  column  whose  base  is  a,  and  height  is  only  ha"-,  and  the  contents  of  the 
cataract  being  twice  this,  and  all  the  water  in  the  cataract  freely  (except  from  friction)  obeying  the 
force  of  gi-avity,  the  bottom  of  the  vessel  will  be  relieved  from  the  weight  of  a  column  of  water  2  h  a^, 
as  published  by  Newton  in  the  year  1686. 

My  other  demonstration  was  as  follows  : — 

Suppose  a  mass,  m,  be  acted  upon  for  one  second  by  a  force  / m,  then  the  velocity  acquired  at  the 
end  of  that  time  will  he  v  =  32 /feet  per  second,  and  the  space  the  force  acts  through  will  be  16/. 

Now,  if  another  similar  mass  be  similarly  acted  upon,  the  same  result  will  follow. 

Suppose  each  mass  ?«  to  be  a  cylinder,  a  circular  feet  base  and  16 /feet  long,  then  the  two  masses 
might  form  a  continuous  cylinder  32 /feet  long,  moving  uniformly  at  the  rate  of  32 /feet  per  second. 

Each  mass  would  react  on  a  piston  whose  area  is  a,  with  a  force  fm  =  16/'^  a,  and  the  sum  of 
the  mechanic  power  employed  would  be  32/^  a  x  16/  =  16  x  32  a/* .  Now 


V  =  32/,  .-./  = 


and  the  sum  of  the  pressures  will  be 


32  ' 


32 


that  is,  ttvice  ^^^is  demonstration  being  wholly  independent  of  any  laws  of  fluids,  I  cannot 

conceive  how  anybody,  after  hearing  it,  can  be  puzzled,  or  think  that  any  mysterious  laAvs  of  fluidity 
can  be  involved,  or  that  what  is  called  the  double  pressure  "  is,  as  it  were,  an  accident." 

Mr.  Brunei,  who  has  also,  it  is  said,  proved  by  experiment  the  failure  of  the  principle,  puts  v  = 
the  velocity  of  the  boat  through  the  water  ;  v,  that  of  the  effluent  water  with  regard  to  the  boat ;  and 
a  =  area  of  jet. 

The  power  expended  in  raising  the  water, 

the  power  employed  in  taking  up  and  carrying  the  water  to  be  ejected. 


reacting  pressure  of  the  jet, 
and  the  power  elicited, 


82 

'32' 


32 
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Now,  applying  my  test,  the  velocity  of  the  effluent  water  in  space  is 

V,  -  V, 


and  the  effect  will  be 
the  sum  of  the  causes 
the  sum  of  the  effects 


which  expressions  are  not  identical ;  and,  therefore,  "  the  cause  "  may  be  made  to  bear  any  ratio 
whatever  to  "the  effect,"  which  is  absurd. 

The  only  case  in  which  the  cause  and  effect  are  equal  is  when  2  t;,  =  v^v„  or  when  2  =  1,  which 
is  absurd. 

Mr.  Brunei  takes  as  an  example  the  case  of  a  boat  moving  at  a  velocity  of  25  feet  per  second  (or 
15  knots  per  hour),  and  the  velocity  of  the  tail  water  at  75  feet  per  second,  which,  as  he  says,  corre- 
sponds to  a  head  of  88  feet. 

Let  us  add,  for  the  sake  of  completing  the  example,  that  the  pressure  to  keep  the  boat  in  motion 
at  that  velocity  is  10,000  lbs. 

The  actual  horse-power  required  is  ...  ...  •••  455 

And  by  Mr.  Brunei's  theory, — 

The  actual  horse-power  employed  is         ...  ...  •••  1024 

The  horse-power  wasted  ...  ...  •••  •••  569 

The  head  of  water  required  being  88  feet. 

Now,  by  my  theory,  the  useful  horse-power  is  ...  ...  ...  455 

The  actual  horse-power  required  is  ...  ...  •••  512 

The  horse-power  wasted  ...  ...  ...  ...  57 

Only  one-tenth  of  that  wasted  according  to  Mr.  Brunei. 

And  the  head  of  water  required  is  15  feet,  instead  of  88  feet,  as  calculated  by  Mr.  Brunei.* 
According  to  Mr.  Bidder,  and  those  who  will  insist  that  the  reacting  pressure  is  merely  the 
weight  due  to  the  height  of  the  column,  we  shall  have  (using  my  notation  and  applying  my  test), 

-6r""+     64  64  ' 

the  expression  for  the  cause,  and 

-64"  +  —QT-        -         +  '"''•>'64  ' 

the  expression  for  the  effect. 

These  expressions  not  being  identical,  the  ratio  of  the  cause  to  the  effect  may  be  made  to  vary, 
which  is  absurd. 

*  Mr.  Brunei  says  Smith's  screw-propeller  (meaning,  I  suppose,  the  screw-propeller)  had  been  as  clearly  proved  bad 
by  experiment  and  theory  as  the  jet. 

That  badly-directed  diowever  costly)  experiments,  both  with  the  screw  and  with  the  jet,  have  been  attended  with  bad 
results,  I  have  no  doubt :  but  wliere  by  theory  was  it  that  the  screw-prcpeller  (not  Smitli's  screw-propeller  i  was  proved 
bad?  Tredgold,  in  1827,  publicly  advocated  the  use  of  •'the  screw''  from  theory,  and,  moreover,  has  these  remarkable 
words  :  •'!  can  easily  conceive  that  the  trial  of  an  experiment  may  be  the  means  of  condemning  a  very  useful  principle 
merely  through  inattention  to  the  proportions  and  mode  of  action.'' 
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That  the  principle  is  good,  and  that  the  attempts  at  experimental  proofs  and  theoretical  proofs  of 
its  insufficiency  are  both  bad,  I  think  I  have  sufficiently  shown.  That  the  matter  at  this  crisis  can  be 
allowed  to  rest  here  is  impossible  ;  a  few  properly -directed  trials  would  show  the  Government  and  the 
country,  that  "the  stupid  old-as-the-hills  attempt  at  pumping  a  boat  forward  "  might  be  of  enormous 

SERVICE. 

Yours  faithfully, 

To  the  Eev.  J.  B.  Eeade,  Stone  Vicarage.  W.  Gravatt. 


DISCUSSION. 

Mr.  John  E.  Eavenhill  :  My  Lord,  there  are  one  or  two  questions  I  should  like  to  put  to  Admii-al 
Selwyn,  if  he  will  kindly  answer  them  at  the  end  of  the  discussion.  I  am  not  going  to  allude  to  the  ship, 
but  the  remarks  which  I  am  going  to  make  will  be  confined  to  his  coal  consumption,  and  the  boilers  which 
he  proposes  to  adopt.  He  states :  "No  doubt  ought  now  to  exist  that  1  lb.  of  coal  per  indicated  horse-power 
per  hour  has  become  the  standard  from  which  no  steamship  engine  ought  to  derogate,"  and  he  laid 
emphasis  on  the  words  "to  derogate."  If  he  will  oblige  us  this  morning  by  telling  us  of  anyone 
vessel  running  for  a  time  over  a  series  of  voyages  at  anything  like  that  consumption,  I  am  sure  he  will 
confer  a  favour  on  all  the  members  of  this  Institution.  With  regard  to  his  remarks  that  were  made 
last  year  on  high-pressure  boilers  having  proved  valueless,  I  think  I  must  take  the  opportunity  of 
correcting  him  in  one  important  particular,  and  that  is  this,  that  the  boilers  which  were  spoken  of  as 
having  been  valueless  were  w-ater-tube  boilers.  He  speaks  as  if  all  boilers  carrying  130  lbs.  might 
have  been  so. 

Admiral  Selwyn  :  I  refer  to  the  Montana  and  the  Dahcotah,  and  they  were  distinctly  water-tube 
boilers. 

Mr.  Eavenhill  :  The  boilers  of  the  Montana,  Dahcotah,  and  others  carrying  130  lbs.  pressure, 
were  mentioned  as  instances.  The  paper  is  not  quite  clear  as  to  whether  you  only  meant  water-tube 
boilers,  or  included  others  as  well.  A  few  lines  further  on  'it  is  stated  "  that  for  thirteen  years  boilers 
on  the  Perkins'  system  have  been  doing,  and  are  still  doing,  satisfactory  work  with  less  than  1  lb.  of 
coal  per  indicated  horse  power."  I  must  confess  that  startled  me  when  I  read  it,  but,  to  a  certain  extent, 
in  reading  this  paper  Admiral  Selwyn  has  qualified  it  by  introducing  viva  voce  the  words,  "  on  land." 
But  in  bringing  this  under  our  notice  I  am  sui'e  Admii-al  Selwyn  must  be  well  aware  that  the  only 
boiler  on  Perkins'  system  that  has  been  to  sea  came,  to  a  certain  extent,  to  grief,  and  has  formed  the 
subject  of  an  action  in  the  law  courts.  I  myself  was  professionally  considted  about  it,  and  the 
tubes  are  actually  in  existence  that  were  silted  up.  Whilst  I  state  that,  I  think  it  also  right  to  mention 
that  lately  a  boiler  has  been  passed  by  the  Board  of  Trade  officials  at  Newcastle-on-Tyne,  and 
has  received  a  three  months'  certificate,  the  time  of  which  is  now  nearly  expired,  for  a  passenger  steam- 
ship running  on  the  Tyne,  but  I  certainly  know  of  no  case  (and  I  believe  I  am  pretty  well  posted  in 
these  matters)  where  Perkins'  boilers  have  run  at  sea.  I  will  not  say  they  may  not  have  come  round 
the  coast,  but  I  mean  working  at  sea,  and  taking  a  voyage  across  the  Bay  of  Biscay.  Any  information 
Admiral  Selwyn  could  give  us  on  that  point  would  also  be  very  valuable,  because  the  result  he 
starts  with  here — going  back  to  his  1  lb.  of  coal — is,  that  one  H.P.  is  to  be  produced,  and  can  be 
produced,  by  Perkins'  boiler;  but  it  is  certainly  very  important  that  we  should  have  the  fullest  accounts 
as  to  the  true  practical  working  efficiency  of  that  particular  class  of  boiler.  I  am  merely  asking  for 
information,  but  I  felt  it  right  to  mention  the  facts  which  I  have  stated. 
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Mr.  Nathaniel  Barnahy  :  It  may  be  convenient,  my  Lord,  if  I  rise  early  in  the  discuBsion.  I 
may  naturally  be  supposed  to  be  rather  a  severe  critic  of  the  proposal  which  has  been  brought  before 
us  this  morning,  because,  to  some  extent,  it  comes  upon  my  ground  ;  and  before  making  some  general 
remarks  upon  the  design,  I  should  like,  following  up  what  Mr.  Ilavenhill  has  said,  to  mention  a  fact 
with  regard  to  the  peroxide  which  Professor  Barff  relies  upon  for  the  protection  of  iron  surfaces.  It 
has  been  known  to  those  who  have  used  steel  considerably,  that  under  some  circumstances  steel,  when 
employed  in  salt  water,  takes  very  severe  pitting,  and  objections  have  been  urged  against  the  use  of 
steel  for  ships  on  the  ground  that,  somehow  or  other,  in  salt  water  steel  would  not  last  so  long  as  iron, 
that  it  pitted,  whereas  iron  would  not,  and  we  found  a  certain  confirmation  of  that  in  some  experiments 
which  we  made,  and  we  could  not  at  first  see  what  was  the  reason  of  it.  It  seemed  reasonable  to 
suppose  that  steel  would  take  corrosion  uniformly  over  its  surface,  and  you  would  expect  that  iron 
would  have  the  more  severe  pitting,  and  not  steel ;  but  it  turned  out  that  there  was  a  certain  black 
oxide  adherent  to  the  surface  of  the  steel,  and  much  more  closely  adherent  to  the  surface  of  steel  than 
to  the  surface  of  iron.  It  is  produced  under  the  rolls.  It  is  the  very  same  thing  as  that  which  Professor  Barflf 
relies  on  for  the  protection  of  his  iron,  and  we  discovered  this,  that  there  was  a  strong  galvanic  action 
between  that  black  oxide  and  the  steel  itself,  and  if  you  get  a  small  portion  of  that  black  oxide  removed  from 
off  the  plate,  and  put  the  plate  into  salt  water,  you  might  as  well  have  had  the  plate  coated  with  copper 
as  to  have  allowed  the  black  oxide  to  have  remained  on  it.  Now  I  say  that  is  the  same  as  Professor  Barff 
does,  and  I  say  that  because  we  actually  tried  some  specimens  as  prepared  by  Professor  Barff  to  see 
what  happened  to  them  when  they  were  put  in  salt  water.  We  saw  that  the  process  had  a  certain 
good  effect  in  air,  but  as  soon  as  we  put  it  in  salt  water  we  discovered  that  rust  was  rapidly  formed, 
and  when  we  wiped  the  rust  off  we  found  there  was  deep  pitting  taking  place  immediately,  and,  as  a 
matter  of  fact,  that  the  peroxide  that  had  been  formed  on  the  surface  of  the  material  for  the  purpose 
of  protecting  it  was  an  enemy  that  was  eating  into  the  heart  of  the  material  directly  one  small 
exposed  place  presented  itself  on  the  surface.  I  am  sorry  I  did  not  bring  here  this  morning  a  plate 
which  I  have  in  the  office — a  piece  of  steel  which  was  produced  under  the  rolls,  with  a  good  black 
oxide  on,  which  has  been  immersed  in  salt  water  for  about  seven  or  eight  months,  and  I  am  quite  sure 
that  shipbuilders  here  would  have  been  astonished  if  they  had  seen  the  condition  of  the  sm-face  of 
that  piece  of  steel.  It  was  pitted  in  a  frightful  manner.  Apparently,  when  it  was  put  into  salt  water 
the  surface  was  quite  perfect,  but  there  were  minute  openings  in  the  black  oxide,  and  as  soon  as  ever 
the  action  commenced  it  spread  and  went  deeply  into  the  material.  I  need  hardly  therefore  say  that 
those  who  propose  to  use  salt  water  on  the  surfaces  of  steel  must  beware  how  they  allow  anything 
like  this  black  oxide  to  remain  on  the  surface  of  the  material.  And  now  a  word  or  two  about  the  ship 
itself.  What  I  should  like  to  say  is,  that  if  any  of  the  eminent  shipbuilders  here  could  get  some 
foreign  Government  to  build  the  ship  I  think  we  should  all  be  very  pleased,  but  if  I  were  asked  by  the 
English  (Tovornment  what  I  thought  of  it  I  should  say,  Well,  gentlemen,  if  you  believe  what  has 
been  said  you  cannot  do  better  than  build  the  ship  yourselves,  but  do  not  make  me  responsible  for  it, 
because  you  certainly  will  not  get  the  things  done  which  are  said,  nor  anything  like  them,  and,  in 
my  opinion,  you  will  be  greatly  disappointed  with  the  result.  However,  I  will  just  give  you  one  or 
two  facts  concerning  it.  First  -with,  regard  to  the  cost  :  you  must  fairly  face  that.  You  are 
told  she  will  not  cost  more  than  the  Devastation.  Now  the  Devastation,  1  find,  cost  for  hull, 
machinery  of  all  kinds,  rigging,  and  stores,  £360,000.  Now  the  engines  of  this  ship  alone, 
21,000  horse-power,  would  cost  a  quarter  of  a  million  of  money.  The  armom-  alone  would  cost 
well  on  to  the  same  amount,  and  if  you  put  the  engines  and  the  armom"  together  you  will  very  gi-eatly 
exceed  the  cost  of  the  Devastation,  without  leaving  anything  for  building  the  ship  herself.  That  would 
not  so  much  matter,  perhaps,  if  the  ship  were  built  in  such  a  light  manner  as  Admiral  Selwyn 
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supposes,  but  I  think  he  has  greatly  underrated  the  weight  of  the  ship  that  he  puts  before  us  :  I  mean 
the  weight  of  the  hulh  If  you  compare  the  figures  which  he  gives  for  the  weight  of  the  hull  of  his 
own  ship,  and  the  proportion  they  bear  to  the  displacement,  with  those  which  he  gives  on  the  last  page 
for  the  weight  of  hull  compared  with  displacement  of  the  Italian  ships,  you  will  see  he  has  taken 
credit  for  some  most  wonderful  performance  in  the  way  of  building  a  light  hull.  You  will  see  on 
page  217  that  in  the  Dandolo  and  Duilio  the  weight  of  unarmoured  hull  is  given  at  one-third  of  the 
entire  displacement.  If  you  look  on  page  218  you  will  see  that  the  weight  of  the  unarmoured  hull  of 
the  Italia  is  considerably  more  than  one-third  of  the  displacement.  But  if  you  look  at  the  weights 
taken  by  Admiral  Selwyn  for  his  own  hull  you  will  find  it  is  only  2,600  tons  out  of  a  displacement  of 
14,767  tons.  I  do  not  know  how  that  is  to  be  managed.  Now  when  one  challenges,  to  begin  with, 
the  estimated  cost  of  the  ship  to  the  extent  which  I  have  done,  and  then  challenges,  in  the  next  place, 
the  assumed  weights  to  the  extent  to  which  they  may  be  challenged,  as  one  may  see  by  looking  at  these 
figures  here,  to  say  nothing  of  any  others,  and  when  one  looks  at  the  novelties  in  the  design,  I  think 
it  would  be  a  bold  Government  in  England  to  undertake  it,  and  I  think  that  what  they  would  probably 
say  with  regard  to  it  is,  that  it  is  declined  with  thanks. 

Captain  Dawson  :  My  Lord,  I  should  like  Admiral  Selwyn  to  explain  the  dotted  lines  in  the 
profile,  and  the  dotted  circles  on  the  plan,  because  I  do  not  quite  understand  what  they  mean. 

Mr.  J.  D'Aguilak  Samuda,  M.P.  :  My  Lord,  it  is  always  a  very  ungracious  task  to  have  to 
find  fault,  or  to  say  what  appears  to  be  unkind  things,  of  any  proposal  put  before  us  with  the  amount 
of  care  that  this  has  evidently  had  at  the  hands  of  the  author  ;  but  I  would,  in  the  first  instance, 
point  out  that  I  think  we  ought  not  to  have  placed  in  the  same  proposal  two  or  three  propositions  so 
totally  at  variance  with  that  of  the  existing  practice.  If  those  propositions  happen  to  be  right  the 
existing  practice  ought  to  have  the  advantage  of  them  in  any  comparison  with  the  new  proposal ;  or,  in 
other  words,  to  put  it  in  a  more  practical  form,  that  a  proposition  for  a  ship,  if  it  has  any  good 
in  it,  ought  to  be  dealt  with  with  engines  such  as  are  universally  known  and  accepted.  A  proposition 
for  engines,  perfectly  new,  ought  to  be  dealt  with  in  a  ship  of  a  class  which  is  well  known ;  but 
when  you  deal  with  engines,  and  make  a  proposal  to  adopt  engines  with  conditions  which  have 
never  hitherto  been  attained,  in  a  ship  which  is  so  unlike  anything  which  has  previously  been  done  as  to 
call  for  the  observation  from  Admiral  Selwyn  himself,  "  I  do  not  know  whether  you  would  call  it  a  ship 
or  no,"  then  I  think  we  have  too  many  novelties  pressed  upon  us  at  once,  and  the  duty  is,  unneces- 
sarily, pressed  upon  those  who  attempt  to  discuss  or  criticise  it,  to  separate  out  the  advantages  of  aU 
these  different  proposals,  when  they  ought  to  be  at  liberty  only  to  deal  with  one.  Mr.  Eavenhill  has 
made  great  reference  to  the  engine  question,  but  I  would  look  at  the  engine  question  from  a  different 
point  of  view  from  Mr.  Eavenhill,  to  this  extent.  I  believe  there  are  many  valuable  advantages 
to  be  obtained  by  Mr.  Perkins'  plan,  and  I  by  no  means  doubt  but  that,  some  time  or  other,  that  plan 
will  be  considerably  more  used  than  now ;  but  if  you  have  to  deal  with  a  ship  with  ordinary  engines, 
and  put  aside  Mr. Perkins'  engines  which  I  think  you  are  bound  to  do,  for  the  reason  Mr.  Eavenhill 
has  given  that  no  engine  exists  working  in  a  vessel  at  sea  anything  at  all  approaching  to  that  which  is 
here  described ;  and  then,  if  you  accept  the  best  engines  which  we  have  working  at  the  present  moment 
at  sea,  you  immediately  get  rid  of  the  possibility  of  being  able  to  carry  ten  days'  fuel,  and  you  reduce  it 
down,  even  with  the  same-horse  power  here  indicated,  to  something  under  three  days.  Then,  again,  when 
you  come  to  deal  with  the  ship  itself,  the  ship  is  compared  with  the  Devastation  favourably,  but  it  is  quite 
clear  that  the  writer  of  this  paper  contemplated  that  speed  should  be  an  important  element  in  his 
invention.  But  speed  is  impossible  with  that  ship — absolutely  impossible.  I  have  shown  before  in  this 
room,  when  the  Russians  brought  forward  their  plan  of  the  circular  ironclad  (and  this  has  all  the  dis- 
advantages, in  point  of  form,  which  those  circular  ironclads  have),  that  it  was  absolutely  impossible, 
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put  what  power  you  please  into  the  ship,  to  drive  it  at  fourteen  knots,  and  here  is  a  proposal  to 
drive  this  one  at  sixteen.  They  made  very  strong  reference  to  Mr.  Froude,  who  had  been  making 
a  number  of  experiments  for  them,  to  confirm  their  statement  that  they  could  drive  their  ships 
at  this  speed,  and  Mr.  Froude  remained  silent.  But  it  may  be  within  the  recollection  of  this 
meeting  that  on  the  subsequent  occasion,  when  the  matter  was  again  discussed,  and  Mr.  Froude  was 
pressed  to  give  the  results  of  his  experiments,  he  admitted  distinctly  that  if  the  ship  were  driven  at 
ten  knots  it  would  go  down,  that  the  water  would  go  over  the  ship.  So  it  would  be  with  this  ship. 
The  whole  of  the  attention,  the  skill  which  has  been  devoted  for  the  last  half-century  to  improving 
forms  of  ships,  is  entirely  ignored  by  attempting  to  bring  forward  proposals  of  this  sort,  and  putting 
them  before  naval  architects  as  vessels  capable  of  going  sixteen  knots.  Here  are  we  working  away,  and 
doing  everything  we  can  do  to  change  the  forms  of  vessels  advantageously.  I  need  not  point  out  in 
an  Institution  like  this  what  would  be  the  result  of  these  changes  ;  but  this  we  know,  that  when  we 
started  with  bows  somewhat  similar  to  what  this  diagram  shows — I  recollect  it  perfectly — when  we 
started  with  the  bluff  bows  that  we  had  in  old  sailing  ships,  and  applied  them  to  steamers  in  the 
early  days  to  go  from  London  to  Eamsgate,  the  circumstance  of  merely  drawing  out  the  bow  and 
making  it  sufficiently  fine,  to  halve  the  angle  of  incidence,  shewed  that  with  the  same  power  you 
exactly  double  the  effect ;  that  is  to  say,  where  you  could  only  drive  a  boat  eight  knots  in  one 
case,  you  were  able  to  drive  it  ten  knots  by  simply  making  the  alteration,  with  the  same,  power  of 
lengthening  the  bow  from  the  old  circular  bow,  so  as  to  be  able  to  make  the  angle  of  incidence  one- 
half.  There  is  not  time  to  drive  the  water  round  these  bows,  consequently  it  must  mount  over. 
You  are  asked  to  consider  a  case  which  has  many  novelties  which  cannot  refer  in  the  least  degree  to 
practice,  except,  allow  me  to  say,  most  unfavourably,  because  those  circular  ironclads  which  were 
built,  and  actually  put  to  work,  were  shown  to  have  all  the  disadvantages  in  speed  that  I  predicted 
they  would  have,  and  therefore  confirmed  all  those  views  which  not  only  my  suggestion,  but  Mr 
Froude's  experiments  also  confirmed ;  thus,  it  does  not  appear  to  me  wise,  to  discuss  a  paper  of  this 
sort  without  restricting  the  consideration  to  one  novelty  at  a  time.  I  find,  throughout  the  paper,  that 
there  is  a  continual  reference  made  to  Mr.  Elder.  I  do  not  know  that  it  is  a  very  important  matter,  but 
we  are  left  in  doubt  whether  this  was  Mr.  Elder's  proposal  or  not.  I  do  not  think  it  was.  I  think,  if  I 
recollect  right  (and  let  me  say  that,  for  the  advantage  of  this  proposal),  that  Mr,  Elder  claimed  to  have 
exactly  the  same  proposal  as  the  circular  ship — the  absolute  cii'cular — and,  in  that  respect,  he  was  even 
worse  still ;  but,  in  any  case,  the  form  which  is  here  given  to  the  bow  is  of  such  a  nature  that  it  does 
appear  to  me  to  be  idle  that  we  should  discuss,  with  any  probability  of  being  able  to  come  to  a  satis- 
factory conclusion,  that  anything  like  sixteen  knots  an  hour  could  be  predicted  with  any  amount  of 
power  that  could  be  forced  into  the  ship. 

Mr.  J.  Scott  EussELL,  F.E.S. :  When  Admiral  Selwyn  replies,  I  should  like  him  to  state  in  his 
answer  very  clearly  why  he  adopted  two  tm-rets  instead  of  one — or  two  batteries,  I  will  call  them, 
instead  of  one  ;  and,  secondly,  what  his  reason  is  for  departing  from  the  simple  circular  form  of  hull 
into  this  oval  one ;  because  two  turrets  have  the  horrible  disadvantage  of  each  sticking  in  the  way  of 
the  other.  It  is  a  great  inconvenience,  and  it  seems  to  me  that  a  good  many  of  the  advantages  of 
what  we  call  the  pure  Elder  construction,  or  what  we  call  Admiral  Popoff's  construction,  are  lost  when  you 
deviate  from  the  pure  circle.  I  venture  to  submit  this  because  it  has  been  stated,  on  more  occasions  than 
one,  that  I  had  entirely  approved  from  the  beginning  of  Elder's  form,  and  entirely  approved  from  the 
beginning  of  Popofl"s  form.  There  is  no  doubt  that  I  entirely  approved  of  Popoff's  form  and  entirely 
approved  of  Elder's  form,  but  I  have  never  approved  of  them  as  ships.  I  never  approved  of  them  as  vessels 
to  cross  the  ocean  ;  I  never  approved  of  them  as  fast  steamers  ;  I  never  approved  of  them  as  economical 
steamers;  and  I  never  approved  of  them  as  able  to  make  good  their  way  in  the  conditions  in  which  I  hope  all 
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English  ships  of  war  will  always  make  good  their  way,  in  a  heavy  storm  with  a  heavy  sea  on  the  wide 
Atlantic,  or,  what  I  dislike  still  more,  having  endured  more  of  it,  the  Bay  of  Biscay.  Now  three  days 
and  three  nights  in  the  Bay  of  Biscay,  either  upon  Elder's  boat  or  upon  Admiral  Popoff's  vessel,  or  I 
fear  upon  Admiral  Selwyn's  vessel,  would  see  her — I  was  going  to  say,  nowhere,  but  I  will  say  ashore 
— would  see  that  ship  on  the  shore.  I  have  been,  for  example,  three  days  and  three  nights 
steaming  full  power  ahead  against  a  head  wind  and  a  heavy  sea  in  the  Bay  of  Biscay,  and  at  the  end 
of  those  three  days  and  three  nights  we  were  fifty  miles  astern  of  the  place  we  had  been  at  when  we 
started.  Now  that  is  the  sort  of  thing  that  a  ship  has  to  encounter,  and  I  think  you  will  allow  me  to 
go  back  to  the  disagreeable  thing  I  said  before,  that  you  may  call  it  anything  you  like  if  you  will  be 
kind  enough  not  to  call  it  a  ship.  Then  I  will  only  mention  one  case  more.  There  was  a  grand 
series  of  vessels  of  which  we  have  all  been  proud,  built  by  Mr.  Samuda  and  several  other  gentlemen, 
at  a  time  when  such  ships  had  already  been  pronounced  to  be  impossible.  Those  ships  have  remained 
our  pride  ever  since  ;  and  what  is  the  quality  of  those  ships? — I  mean  the  ships  between  Holyhead  and 
Dublin.  What  is  the  peculiarity  of  those  ships  ?  The  peculiarity  of  those  ships  is  that  they  are 
nearly  as  good  in  a  heavy  storm  as  in  a  calm  sea.  I  entreated  that  Company  to  allow  me  the  pleasure 
of  an  experiment,  and  to  get  up  a  good  storm  for  me.  They  telegraphed  to  me  that  it  had  been 
blowing  cats  and  dogs  for  three  days  and  three  nights,  and  they  had  never  seen  the  like  of  it,  and 
they  thought  I  had  better  come  down  at  once.  I  went  down  at  once.  I  went  over  in  one  of  those 
wonderful  ships.  I  was  tied,  with  the  captain  and  the  steersman,  because  nobody  else  was  able  to 
remain  on  deck,  to  the  bulwark,  and  we  stood  up  on  that  platform.  I  saw  the  vessel  go  through  seas 
in  which  120  feet  of  the  length  of  the  vessel  was  under  water  at  the  time  :  we  went  straight  through, 
and  we  accomplished  this  work  within  once  and  a  half  of  the  ordinary  time  of  a  smooth  water  voyage. 
Now  no  such  performance  as  that  can  ever  come  out  of  a  vessel  of  this  class  ;  and  I  am  afraid,  to 
build  a  seagoing  ship  you  must  go  back  to  what  we  technical  fellows  call  a  ship-shape,  and  not  a 
tub- shape. 

Admiral  Selwtn  :  My  Lord,  first  I  have  to  answer  Mr.  Eavenhill's  questions,  and  I  am  afraid  that 
the  persons  who  properly  should  have  answered  them,  Mr.  Perkins  and  his  friends,  are  not  here.  No 
doubt  they  would  be  able  to  give  a  sufficient  answer,  and  that  answer  would  be  that  the  Filga  has 
been  built  ten  years.  The  first  thing  done  with  her  was  to  send  her  out  to  Malta,  and  she  has  been 
running  as  a  tug  ever  since,  and  nobody  ever  complained  of  her,  or  ever  wanted  new  boilers  put  to  her, 
which  is  much  more. 

Mr.  Kavenhill  :  I  cannot  allow  that  remark  to  pass  quite  unchallenged  :  I  hope  that  I  am  not  out 
of  order.  The  Filga  ran  for  many  years  in  the  Thames  here,  and  it  was  on  being  sent  from  the 
Thames  and  going  across  the  Bay  of  Biscay  she  came  to  grief,  and  had  to  put  into  Vigo,  where  she  lay 
for  many  months  for  repairs  before  she  was  able  to  continue  her  voyage  to  the  Mediterranean,  and 
that  voyage  has  been  the  subject  of  an  action  in  our  law  courts  in  London,  and  was  reported  in  the 
Times  in  December  last. 

Admiral  Selwyn  :  I  am  not  so  capable  a  defender  as  Mr.  Perkins  would  have  been,  but  I  may  tell 
Mr.  Ravenhill  that  the  reason  why  the  Filga  on  that  occasion  came  to  grief  was  simply  because  the 
engineer  chose  to  consider  that,  instead  of  doing  as  he  was  told  and  using  condensed  water  for  feed, 
he  should  get  it  out  of  the  sea,  and  the  instant  he  did  that,  which  was  a  direct  violation  of  the  whole 
principle  on  which  the  thiAg  was  constructed,  he  came  to  grief,  as  anybody  would  who  attempted  to 
UBS  in  these  boilers  anything  else  than  distilled  fresh  water.  The  principle  is  entirely  one  of  using 
the  same  water  over  and  over  again,  without  applying  to  the  sea  for  any  feed  at  all.  Those  who  do 
not  know  that  can  conceive  the  engineer  fancying  the  ship  was  in  danger. 

Mr.  Ravenhill  :  The  fresh  water  became  exhausted. 
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Admiral  Selwyn  :  Possibly.  If  any  engineer  behaved  as  he  would  do  with  ordinary  boilers,  by 
opening  the  taps  and  wasting  the  steam,  he  would  inevitably  waste  the  water  supply,  and  would  be 
forced  to  resort  to  a  salt  water  feed.  But  that  is  not  the  right  way  to  do  it.  I  instanced  the  Montana 
and  Dahcotah  specially,  because  they  were  water  tube  or  tubulom  boilers  designed  to  carry  a  higher 
pressure  than  was  ever  carried  before.  I  do  not  say  at  all  that  high  pressures  cannot  be  carried  in 
ordinary  well-fitted  boilers,  but  no  such  pressure  as  we  speak  of  here  has  ever  been  thought  of  at  all, 
and  no  such  results  have  been  attained  as  were  here  attained.  I  think  Mr.  Eavenhill  will  allow  that 
when  a  steam  boiler  performs  its  work  satisfactorily  for  thirteen  years  on  land,  at  least  it  is  a  great 
encouragement  to  try  what  can  be  done  with  the  same  boiler  at  sea ;  and  when  added  to  that  we  have 
such  small  experiments  as  could  be  looked  for  made  by  the  inventors  themselves,  the  proposal,  although 
one  involving  novelty,  would  be  a  very  great  benefit  if  it  could  possibly  be  adopted,  and  therefore 
deserves  a  fair  trial  by  Government.  I  think  they  can  fairly  rely  on  the  Eeport  of  the  Boiler 
Committee  specially  appointed  to  investigate  that  question,  which  says  it  ought  to  be  tried  on 
a  larger  scale.  However,  as  that  was  not  done — for  what  reason  I  cannot  say  —a  still  further  advance 
has  been  made  by  private  enterprise,  precisely  as  in  the  case  of  most  of  our  great  advances  in  the 
marine  of  England.  The  screw  would  never  have  been  adopted  at  all  against  the  persistent  resistance 
of  those  who  refused  to  see  anything  in  it,  and  believed  in  paddles,  had  it  not  been  for  the  persistent 
efforts  of  private  enterprise.  I  thank  God  that  there  is  such  a  thing  as  persistent  private 
enterprise  in  this  country.  Mr.  Barnaby  sa3's  that  the  peroxide  applied  outside  the  ship — 
such  an  imjierfect  peroxide  as  the  rolls  make,  not  deposited  by  any  such  action  as  this — 
always  results  in  a  galvanic  action.  I  have  studied  that  question,  and  I  think  I  should  ask 
him  what  it  is  that  causes  pitting  ?  I  have  looked  into  it  very  closely  indeed,  and  I  find  it  is 
entirely  due  to  the  chlorine  in  the  salt  water.*  There  is  no  proposal  here  to  to  use  the  boilers 
with  salt  water  in  them,  and  consequently  I  see  no  reason  for  the  distrust  of  the  peroxide,  which 
has  already  answered  by  actual  practice  over  a  very  considerable  time.  A  boiler  in  use  for  the 
last  thirteen  years,  much  longer  I  suppose  than  any  other  similar  boiler  has  existed  in  the 
world,  has  resulted  in  a  perfectly  correct  effect,  that  is  to  say,  a  boiler  cut  open  after  thirteen 
years'  trial  does  show  the  peroxide,  and  does  not  show  any  pitting  or  any  decay.  Anybody  can 
see  who  will  take  the  trouble  to  go  and  look  at  them.  Now,  with  regard  to  the  cost  of  the 
engines.  I  think  Mr.  Barnaby  has  calculated  the  indicated  horse-power  as  if  it  were  produced  in 
the  ordinary  way,  and  calculated  his  engines  at  a  little  too  much  per  horse-power  on  that  account. 
I  think  similarly  with  regard  to  the  armour  which  he  has  spoken  of.  He  cannot  have  considered 
how  the  armour  is  disposed  as  part  of  the  hull.  As  to  the  cost  of  the  whole  ship,  I  am  free  to  confess 
that  I  could  not  have  said  that  this  vessel  could  be  built  for  the  same  cost  as  former  vessels  carrying 
fewer  guns  unless  the  price  of  construction  had  considerably  reduced  itself.  In  private  yards  I  was 
informed  yesterday  that  vessels  were  offered  with  engines  at  ^£14  10s.  a  ton,f  which  is  a  magnificent 
hearing  for  those  who  have  not  yet  invested.  The  comparison  of  the  lightness  of  the  Italia  is  scarcely 
a  fair  one,  because  she  has  a  peculiar  construction  of  hull.  She  has  a  large  number  of  armour-plated 
decks,  giving  a  very  great  weight  which  is  comprised  in  what  is  called  the  unarmom-ed  hull, 
but  which  cannot  be  correctly  so  described.  I  think  that  the  calculations  will  be  found  not 
to  be  so  much  out  of  the  way  as  you  might  be  led  to  think,  and  that  is  very  likely,  because 
there  is  here  not  one  pound  of  iron  used  which  does  not  contribute  to  cubical  contents.  There 
is  no  dead  wood,  there  is  no  fine  bow,  no  rudder  and  no  screw;  the  weight  is  all  applied 

*  On  consulting  Professor  Barff  I  find  that  he  did  not  supply  the  plates  experimented  on  by  Mr.  Barnaby,  and  there- 
fore cannot  guarantee  them,  but  is  ready  to  guarantee  that  plates  prepared  by  him  will  not  fail  in  the  same  way. 

t  Now,  in  the  Nortliem  yards,  ^610  per  ton  of  dead  weight  carried,  for  ship  and  engines  complete. 
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so  as  to  give  space,  and  therefore  cubical  contents.    Captain  Dawson  asked  what  was  the  meaning 
of  those  lines.    As  the  construction  I  adopted  was  that  of  two  segments  of  very  large  spheres  I 
showed  in  the  dotted  lines  the  continuation  of  those  segments  up  to  the  water-line,  in  order  to  give  an 
idea  of  what  the  midship  section  would  be  if  she  were  seen  end  on.    The  dotted  lines  also  refer  to 
those  two  great  segments  of  spheres,  which,  being  separated  by  a  space  in  the  centre,  give  the  real 
shape  of  the  ship.    I  will  just  say  that  I  do  not  think  you  will  find  any  lines  in  any  existing  type  of 
ships  so  fine  as  those  are,  taking  them  all  through.    Now,  with  regard  to  the  question  of  propulsion, 
I  went  very  carefully  through  that  matter,  and  I  fortified  myself  first  by  taking  the  most  recent 
experiences  with  regard  to  the  driving  of  ships  of  light  draught.    I  find  that  in  America  eight 
indicated  horse-power  per  foot  of  midship  section  sufficed  to  drive  a  light-draught  flat  bottomed 
American  steamer  with  large  paddle  engines  twenty  miles  an  hour.    With  regard  to  centre-board 
vessels  they  are  exactly  the  shape  of  a  spoon.    Put  a  spoon  in  the  water — that  is  a  lengthened  spoon 
— and  you  have  a  centre-board  vessel.    In  the  countries  where  deep-board  vessels  are  used,  no  centre- 
board yacht  is  allowed  to  sail  in  any  match  where  deep-keeled  vessels  are  entered,  simply  because 
she  can  run  away  from  all  of  them,  off  a  wind,  or  on  a  wind,  when  she  lowers  her  keel  centre  board. 
The  analogy  leads  me  to  think  that  there  is  much  more  resistance  due  than  is  generally  supposed  to  the 
water-column — the  pressure.    Now,  I  did  not  say  that  this  same  improvement  in  boilers  and  engines 
would  not — on  the  contrary,  I  did  say  it  would — double  the  efficiency  of  all  existing  ships.    I  hope  it 
may  do  so,  and  I  hope  after  trying  those  old  shapes  we  may  be  led  to  consider  something  about  the  new. 
I  am  here  really  drawing  attention  to  the  fact  that  with  a  given  size  of  ship,  at  a  given  cost,  you 
could  carry  about  four  times  the  gun  power  which  you  now  carry.    It  would  be  possible  to  do  it. 
To  call  gun-pits  turrets  is  to  make  a  mistake ;  they  are  not  turrets.    The  platforms  on  which  the 
guns  revolve  are  contained  in  the  gun-pits,  but  the  whole  system  of  Moncrieff  for  raising  guns 
above  the  level  to  fire  them  must  be  understood  in  its  application  to  ships,  before  it  can  be  compared 
with  turrets,  which  have  nothing  to  do  with  the  question.    Now,  as  to  the  Pupoffka,  I  do  not  think 
that  any  beautiful  idea,  such  as  Mr.  John  Elder's  indubitably  was,  because  it  was  proved  and 
carried  out,  could  possibly  be  better  spoiled  than  by  the  Popoffka.    Admiral  Popoff  chose  to  take  ofif  the 
fine  lines  at  the  bar  and  all  round,  in  fact,  the  whole  of  Mr.  Elder's  fine  entrance  and  run,  and  substituted  a 
bow  very  nearly  upright  to  drive  against  the  water.    I  can  easily  conceive  that  that  would  produce 
a  very  heavy  resistance  indeed  ;  but  when  you  come  to  consider  that  the  alteration  of  the  swim  in  a 
canal-boat  immediately  leads  to  the  same  result,  I  do  not  think  we  need  wonder  that  she  cannot  be 
driven  fast  in  a  sea-way,  and  that  she  will  not  behave  well  in  a  sea-way.    That  is  a  matter  on  which 
I  must  differ,  as  a  seaman,  from  those  who  have  spoken  on  the  subject.    Mr.  Scott  Eussell  asked  me 
why  I  chose  two  turrets,  or  two  gun-pits,  and  two  spheres.    For  this  reason,  because,  first  of  all,  the 
greatest  fault  of  the  Popoffkas  is  that  they  will  not  steer  under  difficulties.    They  have  no  inclination  to 
go  one  way  more  than  another,  being  circular,  and  not  having  Mr.  Elder's  turbine  propeller.  Secondly, 
it  was  necessary  in  this,  as  in  all  other  naval  structures,  to  provide  for  damage  and  accident,  and 
that  is  provided  for  by  duplicating  the  power.    Thirdly,  because   the   same  thing   occurs  with 
gun-pits.    You  may  get,  although  it  is  not  probable  that  you  will  get,  an  unlucky  shot,  or  some 
accident,  and  it  is  also  wise  to  duplicate  your  powers  of  offence  as  well  as  those  of  propulsion. 
The  length  also  gives  me  what  I  could  not  gain  in  any  other  way,  and  what,  I  think  Mr.  Scott 
Russell  will  allow,  with  his  great  knowledge  of   wave-form,  is  very  valuable,  that  is  to  say, 
a  means  of  dividing  rather  more  quickly  the  water,  than  the  water  can  re-enter.    The  whole  shape 
is  very  much  that,  in  fact,  of  an  ordinary  aquatic  bird's  under-water  section.    It  is  very  nearly 
the  same,  and  I  think  it  would  be  found  in  many  ways  to  produce  the  same  results.    But  what 
I  draw  attention  to  here,  and  what  I  have  come  to-day  to  show  is,  that  there  are  possibly  certain 
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things  that  could  be  done.  I  did  not  advocate  this  particular  way  of  doing  it,  but  I  advocate 
investigation  into  what  are  confessedly  novelties,  because  I  think  this  Institution,  however  great  its 
work  may  be,  in  appreciating  that  which  has  been  done,  has  had  a  very  large  portion,  and  a  very 
valuable  portion  of  its  work  directed  to  the  advocation,  and  the  pressing  on  for  adoption,  by 
experiment  at  least,  of  very  great  novelties  ;  and  I  think  the  members  of  the  Institution  would  regret 
to  see  the  day  when  novelties  were  not  received  at  least  with  that  fair  examination  which  their 
merit  may  call  for.  In  justification  of  what  I  believe  as  to  the  merits  of  the  hydraulic  propeller,  I 
beg  to  add  to  my  paper  a  pamphlet  (now  out  of  print  I  imagine)  by  the  late  Wm.  Gravatt,  C.E., 
F.R.S.,  on  gunboats  of  light  draught  and  high  speed.  This  will  I  am  certain,  give  to  whatever  1 
have  been  able  to  advance  a  weight  and  value  which  no  observations  of  my  own  could  possibly  have 
had  without  it^  particularly  as  experiments  have  been  made  lately  which  conclusivsly  prove  his 
reasoning  to  be  correct  as  to  the  value  of  the  reactive  force  due  to  a  given  head  of  water. 


ON  A  SYSTEM  OF  MECHANICAL  SHIPBUILDING. 


By  J.  HuMPHRYS,  Esq.,  Member. 

[Read  at  the  Twentieth  Session  of  the  Institution  of  Naval  Arcliitects,  5th  April,  1879,  the  Eight  Hon. 

LoED  Hampton,  G.C.B.,  D.C.L.,  President,  in  the  Chair.] 


I  HAVE  endeavoured  to  make  the  paper  I  am  about  to  read  to  you  as  brief  as  possible, 
trusting  that  the  models  and  plans  I  have  laid  before  you  will  supplement  my  description,  so 
as  to  render  my  meaning  quite  intelligible. 

Ever  since  I  have  been  connected  with  shipbuilding,  I  have  been  very  much  impressed 
with  the  peculiar  feature  which  attaches  to  it,  viz.,  that  the  builder  should  be  almost  entirely 
dependent  on  skilled  manual  labour,  and  whereas  we  find  in  most  other  important  manu- 
factures that  there  has  been  a  constant  aim  to  minimise  skilled  manual  labour,  and  cheapen 
and  improve  the  workmanship  by  the  introduction  of  mechanical  appliances,  little,  so  far  as  I 
know,  has  been  done  in  this  direction  as  regards  shipbuilding. 

The  reason,  I  think,  is  obvious.  Iron  shipbuilding  grew  directly  from  wooden  ship- 
building, the  methods  of  construction  being  very  similar ;  in  both  there  is  the  skeleton 
framework,  consisting  of  keel,  keelsons,  frames,  stringers,  beams,  &c.,  on  which  is  laid  the 
skin,  in  the  one  consisting  of  wooden  planking,  and  in  the  other  of  plating.  This  has  been 
the  received  mode  from  time  immemorial,  and  is,  as  I  may  say,  grafted  into  the  nature  of 
all  naval  architects,  and  from  its  very  arrangement  it  is  almost  impossible  to  bring  to  bear 
any  mechanical  contrivances  to  aid  the  builder,  such  as  are  met  with  in  almost  all  other 
important  manufactures. 

Now  to  trace  very  cursorily  the  way  in  which  an  ordinary  iron  ship  is  constructed,  we 
find  that  the  designer's  lines  are  projected  to  the  natural  size  on  a  floor,  that  the  angle  irons 
forming  the  frames  and  reverse  frames  are  placed  into  long  furnaces,  heated,  and  bent  by 
skilful  workmen  to  these  lines ;  the  floor-plates  and  beams  are  similarly  dealt  with  ;  these 
parts  are  then  taken  to  the  place  in  the  building-yard  where  the  vessel  is  to  be  erected,  they 
are  fastened  together,  usually  by  hand  riveting,  are  then  erected  on  loose  wooden  blocks  fixed 
in  position,  and  shored  by  means  of  rough  poles,  ribbands,  and  stages ;  the  skeleton  is  then 
faired  and  tied  together  with  the  keelsons  and  stringers,  and  lined  off  for  the  skin  plating, 
all  this  work  being  dependent  on  the  skill  of  shipwrights,  and  requiring  constant  care  and 
adjustment  to  counteract  subsidence  and  keep  the  structure  fair  ;  then  comes  the  plater  with 
his  wooden  templates,  which  are  marked  off  from  the  skeleton  and  transferred  to  the  plates, 
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which  aro  marked  aiul  afterwards  punched  (the  accuracy  of  every  hole  being  dependent  on 
the  skill  with  which  the  plater  and  his  assistants  can  manipulate  tlie  plates  under  the 
punching- press) ;  the  plates  are  next  set,  and  then  hung  on  the  skeleton,  and  the  riveting  is 
proceeded  with,  which  is  all  effected  by  hand  labour. 

This  method  of  construction  has,  I  believe,  hitherto  defied  all  attempts  to  bring 
mechanical  appliances  to  bear  satisfactorily  except  to  a  very  limited  extent,  such  as,  for 
instance,  the  riveting  of  the  frames,  floors,  and  beams  by  mechanical  riveters. 

Shipbuilding  is,  therefore,  perhaps  more  than  any  other  manufacture,  except  the 
building  trade,  placed  at  a  disadvantage  in  relation  with  its  workpeople,  and  this  may  be  the 
reason  why  we  find,  I  believe,  a  greater  number  of  labour  difficulties  in  these  trades  than  in 
any  other. 

When  we  consider  the  vast  importance  of  the  shipbuilding  trade,  and  the  enormous 
sums  which  are  annually  expended  in  this  country  for  the  building  of  ships,  you  will,  I  think, 
admit  that  it  is  a  matter  of  the  first  importance  that,  if  practicable,  shipbuilding  should  be 
to  a  much  greater  extent  than  at  present  assisted  by  appliances,  and  so  be  placed  on  a 
footing  somewhat  similar  to  that  of,  say,  marine  engine  or  locomotive  building. 

It  occurred  to  me,  therefore,  that  as  the  present  mode  of  construction  appears  to  present 
insuperable  difficulties  in  this  direction,  it  might  perhaps  be  possible  to  devise  a  novel 
method  of  construction  by  which,  in  a  great  measure,  the  dependence  of  shipbuilders  on 
skilled  manual  labour  might  be  lessened;  and  what  I  propose  is  a  longitudinal  mode  of 
construction  (which  is  generally  admitted  to  be  stronger  than  the  present  ordinary  mode,  but 
hitherto  being  considered  too  costly  it  has  seldom  been  adopted),  the  material  to  be  used  to 
consist  of  channel  sections,  the  flanges  and  other  parts  being  so  arranged  that  the  riveting 
which  connects  the  fabric  together  may  be  readily  effected  by  mechanical  riveters. 

I  propose  that  the  process  of  building  shall  be  carried  out  as  follows.  A  permanent 
building-shop  consisting  of  strong  and  rigid  frames  erected  at  regular  intervals  in  the  direction 
of  its  length,  and  braced  together  longitudinally,  covered  by  a  suitable  roof,  and  somewhat  in 
accordance  with  the  plan  exhibited,  is  to  be  built  on  a  firm  foundation,  the  whole  forming  a 
perfectly  rigid  framework  capable  of  sustaining  the  weight  of  the  ship.  In  these  fi-ames  I 
would  fix  suitable  packings  made  up  to  the  exact  transverse  sections  of  the  ship  at  the  various 
stations,  and  on  these  packings  I  would  inscribe  offsets  representing  the  points  where  the 
connecting  flanges  would  meet  each  other :  the  particulars  could  be  readily  obtained  by  pro- 
jection on  the  mould  floor.  A  skeleton  mould  or  cradle  representing  the  form  and  Hnes  of  the 
vessel  would  thus  be  formed  in  which  the  ship  could  be  built  without  risk  of  subsidence  or 
loss  of  form. 

A  system  of  cranes  could  be  conveniently  arranged  above,  from  which  the  mechanical 
riveters  could  be  carried  (and  if  on  the  hydraulic  principle  they  could  be  in  communication 
with  a  hydraulic  main  and  accumulator  for  working  them). 

I  propose  that  there  should  be  a  number  of  the  channel  sections  varying  in  sizes  and 
thicknesses,  and  which  might  be  described  as  No.  1,  No.  2,  No.  3,  &c.,  &c.  A  code  of  rules 
could  be  framed  similar  to  Lloyd's  tables,  from  which  could  be  ascertained  the  weights  of  the 
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various  sections  required  in  the  construction  of  any  given  size  of  vessel,  such  size  to  be  based, 
say,  on  the  under  deck  tonnage,  &c.,  &c. 

This  would  offer  many  advantages.  The  shipbuilder  would  be  enabled  to  order  the 
material  required  for  a  ship  immediately  on  receipt  of  an  order,  by  referring  to  the  table  (it 
takes  from  two  to  four  weeks  under  the  present  system  to  do  this),  and  there  would  be  little 
or  no  waste  in  the  form  of  scrap  as  against  a  loss  of  5  to  7  per  cent,  as  at  present.  The  maker 
would  merely  have  to  roll  the  sections  and  cut  them  to  fair  lengths  (just  as  in  rolling  rails)  ; 
he  could  also  roll  to  stock,  and  so  afford  to  put  in  the  rolls  for  any  section  at  any  time,  by 
which  also  a  considerable  saving  of  time  would  be  effected ;  and  considering  the  large 
quantities  that  would  be  required  for  shipbuilding,  I  have  reason  to  believe,  from  communi- 
cations on  the  subject  with  ironmasters,  that  these  sections  could  be  produced  as  cheaply  as 
the  materials  used  in  the  present  mode  of  shipbuilding. 

The  sections  on  delivery  at  the  shipbuilder's  works  could  be  at  once  passed  through 
self-acting  punching  machines,  the  holes  made  with  the  utmost  rapidity,  all  holes  being  at  a 
uniform  distance  from  the  edge,  and  precisely  equi-distant  from  each  other,  and  the  distance 
between  the  planed  butt  and  the  centre  of  the  last  hole  being  exactly  half  the  distance 
between  the  centres  of  two  holes,  all  the  holes  when  the  sections  were  fitted  together  would 
be  absolutely  fair,  and  the  rivets  being  fastened  by  hydraulic  or  other  approved  mechanical 
riveters  would  exactly  fill  the  holes,  and  so  make  the  soundest  work.  For  a  considerable 
portion  of  the  ship  the  sections  would  require  no  setting  whatever,  as  they  possess  sufficient 
elasticity  to  admit  of  a  considerable  amount  of  twist  or  "  sny,"  which  would  be  obtained 
simply  by  securing  them  in  the  cradle.  The  number  of  drop  plates,  and  those  requiring  special 
working,  is  but  small,  as  may  be  seen  from  the  models,  and  from  the  experiments  I  have  made 
I  am  convinced  there  would  be  no  difficulty  in  dealing  with  them  in  a  thoroughly  satisfactory 
manner. 

The  sections,  as  prepared,  would  then  be  laid  in  the  cradle,  their  edges  being  placed  so 
as  to  coincide  with  the  offsets  inscribed  on  the  transverse  sections,  as  described  previously  ; 
the  keelsons  would  be  placed  in  position,  and  the  mechanical  riveters  could  be  at  once  applied 
and  the  connection  of  the  fabric  proceeded  with  ;  the  structure  being  built  up  from  the 
bottom  and  completed  as  the  work  advanced,  so  effecting  a  very  considerable  saving  in  time 
as  compared  with  the  present  system,  by  enabling  other  trades  to  follow  more  rapidly.  A 
water-tight  double  bottom  could  be  very  readily  formed  by  the  proposed  system,  and  would 
be,  I  think,  far  more  reliable  than  the  water  ballast  bottoms  as  at  present  constructed. 

The  cost  of  labour  would  be  very  greatly  reduced,  as  the  furnacing  and  setting  of  frames, 
reverse  frames,  and  floors  would  be  dispensed  with,  and  a  great  saving  would  be  obtained  in 
a  large  portion  of  platers'  work,  particularly  punching,  templating,  and  setting ;  and  of 
shipwrights'  work  in  shoring,  staging,  and  ribbanding,  all  risk  of  subsidence  and  loss  of  form 
(necessitating  at  present  constant  care  and  attention)  being  obviated  by  building  in  the  rigid 
cradle  ;  and  sound  and  cheap  mechanical  riveting  would  be  substituted  for  expensive  hand 
riveting,  which  I  fear  is  not  always  so  faithfully  done  as  it  should  be. 

I  think  there  would  be  also  a  decided  advantage  to  the  manufacturer  of  the  material  by 
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its  being  confined  to  a  certain  number  of  recognised  sections,  and  tliat  they  could  be  rolled 
much  as  rails  are.  All  these  considerations  would  result  in  a  great  rapidity  of  construction, 
which  in  a  large  vessel  might  amount  to  two  or  three  months'  less  time  than  at  present 
required. 

I  have  had  two  midship  sections  prepared  (see  Plate  XXIII.),  one  being  that  of  the  steamers 
built  by  the  Barrow  Shipbuilding  Company  for  the  Ducal  Line,  which  are  of  3,000  tons  gross 
register,  and  380  feet  between  the  perpendiculars,  38"3  feet  beam  extreme,  and  28'6  feet  depth 
in  hold ;  the  other  of  a  vessel  of  the  same  dimensions  to  be  constructed  on  the  channel  section 
system,  I  have  made  the  thickness  of  the  skin  in  the  latter  the  same  as  that  in  the  Ducal 
steamers,  and  in  both  cases  only  the  hull  proper  is  dealt  with,  irrespective  of  deck  houses, 
&c. ;  the  weights  have  been  most  carefully  calculated  from  this  midship  section,  and  amount  to 
1,390  tons,  whereas  the  weight  used  in  the  Ducal  steamers  was  1,440  tons,  showing  a  small 
reduction  in  weight,  but  by  the  channel  section  principle  a  complete  and  water-tight  double 
bottom  is  obtained,  which  does  not  exist  in  the  other,  and  the  fabric  is  constructed  on  a 
longitudinal  system,  which  I  am  convinced  is  far  stronger  than  the  existing  mode  on  which 
the  Ducal  steamers  were  built. 

In  the  very  important  matter  of  repairs,  also,  the  proposed  system  offers  some  advantages, 
as  every  vessel  so  constructed  might  always  carry  with  her  a  few  plates,  which  being  punched 
to  a  uniform  gauge  could  be  readily  fixed  to  replace  a  damaged  plate  or  plates,  the  only 
labour  required  being  to  cut  out  the  defective  part,  put  in  a  spare  plate  or  plates,  and  rivet 
together,  platers  not  being  required, 

I  have  had  this  matter  under  careful  consideration  for  nearly  two  years,  and  feel  con- 
vinced the  proposed  system  of  construction  will  afford  many  and  great  advantages  to  all 
concerned  in  shipbuilding ;  and  although  doubtless,  as  in  all  new  things,  some  unforeseen 
difficulties  may  arise,  I  do  not  think  they  will  prove  such  as  may  not  readily  be  overcome, 
and  that  they  will  be  as  nothing  when  compared  with  the  many  advantages  presented, 
which  offer,  especially  from  a  commercial  point  of  view,  such  great  desiderata  ;  and  if  the 
system  be  adopted,  I  have  little  doubt  that  the  skill  and  experience  which  others  may  bring  to 
bear  on  it,  will  rapidly  lead  to  improvements  and  refinements,  and  that  a  fabric  so  con- 
structed may  become  as  superior  to  that  I  have  ventured  to  lay  before  you  as  the  present 
iron  ship  is  to  those  of  earlier  types. 


DISCUSSION. 

Mr.  Wm.  Denny  :  My  Lord,  I  think  this  Institution  ought  to  thank  any  gentleman  who,  like 
Mr.  Humphrys,  tries  to  bring  before  us  a  new  method  of  construction,  especially  when  he  tries  to 
do  it  in  the  way  in  which  Mr.  Humphrys  has  done  this.  There  is  no  doubt  whatever  that  one 
must  look  at  these  questions  both  from  the  point  of  view  of  the  efficiency  of  consti-uction  and  the 
economy  of  labour,  and  Mr.  Humphrys  has  so  far  attempted  to  solve  the  problem.  But,  my  Lord, 
if  I  ask  the  Institution  to  recognise  this,  I  trust  they  will  bear  with  me  in  pointing  out  that  I  do 
not  think  the  invention  altogether  fulfils  the  inventor's  expectations.    First,  I  would  wish  to  caU 
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your  attention  to  the  fact  that  Mr.  Humphrys  has  here  brought  before  us  a  very  valuable  thing,  that 
is,  the  new  system  of  hydraulic  riveting,  which  is  becoming  applicable  to  all  work  which  can  be  got 
at  from  two  sides.  But  Mr.  Humphrys  starts  with  the  assumption  that  there  can  be  no  other 
machine  riveting  applied  to  the  ordinary  iron  ship.  Mr.  Humphrys,  I  think,  must  be  ignorant  of 
the  fact  that  a  gentleman  who  is  in  this  room,  and  whom  I  see  sitting  before  me,  has  attempted  to 
carry  out  a  system  of  machine  riveting  upon  the  sides  of  the  ordinary  iron  ship  percussively  by 
means  of  steam  riveters.  I  refer  to  Mr.  McMillan,  of  Dumbarton.  I  believe  that  the  scheme  has 
all  the  elements  of  success  in  it,  if  it  were  not  for  two  defects.  One  defect  is  that  the  workmen,  as 
you  might  expect,  set  their  faces  against  working  it  efiiciently,  and  working  it  in  the  only  possibly 
efficient  way,  upon  the  piece-work  system.  The  other  defect  arises  from  the  fact  that  in  working 
with  this  heated  apparatus,  the  men  never  have  the  comfort  which  they  have  in  working  with  a  cold 
apparatus  like  that  which  Mr.  Humphrys  has  brought  before  us.  But  with  regard  to  both  the 
workmen  and  the  heat,  I  believe  the  difficulty  can  be  got  over.  I  understand  that  there  is  a  French 
firm  in  Paris,  who  have  applied  a  compressed  air  riveter  to  the  same  purposes,  and  very  likely  that 
will  solve  the  difficulty,  so  that  we  must  not  start  with  the  idea  that  the  days  of  the  old  construction 
are  finished,  because  mechanical  power  cannot  be  applied  to  rivet  the  skin.  Even  granting,  however, 
that  this  woidd  be  a  very  great  saving,  I  must  point  out  to  you  that,  counting  the  number  of  streaks 
round  that  section  of  Mr.  Humphrys,  I  find  from  the  keel  to  the  gunwale  there  are  thirty  streaks. 
In  an  ordinary  ship,  we  should  not  require  more  than  sixteen  streaks.  Now,  to  begin  with,  here  is 
practically  double  the  amount  of  riveting,  which  even  if  done  in  a  more  economical  way  would  require 
to  be  done  to  four  times  the  efficiency,  before  you  would  have  half  the  economy.  You  would  not  only 
have  double  the  amount  of  riveting,  but  double  the  amount  of  caulking.  Then  there  is  another 
point.  I  think  that  for  working  this  system  of  construction  a  finer  quality  of  iron  would  have  to  be 
employed  than  Mr.  Humphrys  anticipates.  We  heard  yesterday  from  Mr.  Samuda  much  about 
the  necessity  for  using  a  fine  quality  of  iron,  but  this  may  be  overstated,  for  I  do  not  know  that 
there  is  an  instance  on  record  of  any  ship  that  has  been  lost  simply  and  purely  from  the  bad 
quality  of  her  iron.  If  there  are  instances  they  must  be  very  few.  Therefore,  granting  that  an 
ordinary  ship  can  be  built  with  ordinary  iron,  this  is  a  difficulty  that  would  arise  in  this  case.  There 
are  several  features  in  this  scheme  which  I  think  are  worthy  of  attention,  apart  altogether  from  the 
difficulty  of  carrying  it  out.  Mr.  Humphrys  has  recognised  what  I  call  massed  transverse  framing, 
and  he  has  recognised  in  that  a  most  important  thing,  but  it  is  not  necessary  to  have  this  con- 
struction to  carry  it  out,  because  we  have  been  carrying  out  massed  transverse  framing  for  the 
last  two  years,  as  Mr.  John  knows,  in  the  ordinary  construction.  There  is  another  thing  which 
Mr.  Humphrys  has  done.  He  has  not  only  massed  tran'sverse  framing,  but  he  has  what  we 
might  call  massed  pillaring,  which  is  a  very  great  advantage,  because  by  having  the  pillars  few 
and  far  between,  you  are  enabled  to  make  them  a  great  deal  heavier ;  they  do  better  work,  and 
stand  the  packing  up  of  cargo  against  them  much  better.  Then  Mr.  Humphrys  has  done  another 
thing  :  he  has  made  the  double  bottom  in  this  ship  a  constructional  part  of  the  work ;  but  this 
can  be  done  with  the  present  construction,  and  in  the  case  of  six  steamers,  which  we  have  built 
of  iron,  the  double  bottom  is  a  constructional  part  of  the  work,  going  from  end  to  end  of  the 
steamer,  and  not  only  acting  as  a  double  bottom  in  the  way  of  ballasting  the  ship,  but  also  in 
the  way  of  strengthening  her  and  making  her  safe.  I  would  ask  Mr.  Barnaby  whether  it 
would  not  be  fair,  among  all  the  consideration  which  he  is  giving  to  merchant  ships  and  their 
requirements,  to  add  to  those  requirements  that  of  continuous  double  bottoms  from  end  to  end  as 
being  in  every  way  an  advantage  to  the  ships.  I  can  assure  you  that  the  double  bottom,  which  we 
have  carried  out  in  this  way,  is  not  only  one  which  fulfils  all  the  requirements  which  Mr.  Humphrys 


ON  A  SYSTEM  OF  MECHANICAL  SHIPBUILDING. 


237 


Beems  to  think  are  only  fulfilled  by  this  dou))le  Itottom,  but  is  one  which  is  capal^le  of  being  eaHily 
and  thoroughly  inspected  and  cleaned.  It  slightly  resembles  the  Admiralty  system  of  construction, 
and  is  a  development  of  a  double  bottom  -which  was  brought  before  this  Institution  by  Mr.  Martell, 
in  Glasgow. 

Mr.  J.  D'Aguilar  Samuda,  M.P.  :  My  Lord,  I  agree  with  Mr.  Denny  that  there  is  a  great  deal  of 
ingenuity  in  this  plan.  Of  course  there  would  be  difficulties  in  introducing  any  new  plan,  and  no 
doubt  there  are  some  points  that  Mr.  Ilumphrys  might  advantageously  explain  to  us  how  he 
manages  to  meet.  The  general  arrangement,  so  long  as  the  ship  takes  a  parallel  form,  is  very  simple, 
but  when  he  has  to  deviate  from  that  parallel  form,  and  to  get  his  plates  tapering,  it  appears  to  me 
that  he  has  not  yet  explained  to  us  the  course  he  intends  to  adopt  with  the  view  of  making  those 
plates  fit  in  accurately  ;  whether  he  proposed  to  have  them  all  rolled  to  the  taper  which  his  streaks 
were  compelled  to  form,  or  whether  he  proposed  to  have  sudden  breaks,  and  to  take  it  up  in  a  some- 
what similar  way  as  a  new  construction  of  the  ship.  That  does  appear  to  me  to  be  a  matter  of  much 
more  importance  than  it  would  at  first  sight  show  itself  to  be,  because  in  ordinary  vessels,  I  suppose, 
after  having  once  got  away  from  the  first  80  feet  of  the  midship  section,  no  two  plates  could  be  rolled 
except  they  were  rolled  specially  by  a  variation  equal  to  the  amount  of  difference  of  width  that  he 
required  to  exist  in  the  one  end  of  the  plate  from  the  other.  I  am  now  suggesting  some  of  the  objections 
which  appear  to  what  I  think  otherwise  is  an  extremely  ingenious  plan.  Another  objection,  of  course, 
is  in  the  extremely  expensive  arrangement  of  mould  which  it  is  necessary  to  have,  according  to  Mr. 
Humphrys'  view,  for  building  the  ship  with.  But  I  agree  with  Mr.  Denny  that  mechanical  riveting 
does  not  owe  its  entire  adoption  to  a  system  of  this  sort.  I  have  myself  seen  several  plans  in  which 
mechanical  riveting  has  been  suggested  to  be  used  for  the  present  mode  of  building,  but  I  must  in 
justice  say  that  it  has  not  yet  made  its  way  sufficiently  to  make  it  one  of  general  application  in  the 
trade,  and  therefore  the  difficulties  of  it  at  the  present  moment  may  fairly  be  met  by  suggesting  a 
better  mode  of  introducing  it,  as  this  appears  to  do.  There  is  a  great  objection  to  this,  of  course,  in 
the  extra  quantity  of  riveting  that  would  result  from  putting  the  seams  so  much  closer  together,  but 
then,  on  the  other  hand,  I  do  not  think  Mr.  Denny  made  quite  sufficient  allowance  for  the  saving  that 
would  accrue  from  doing  away  with  the  entire  riveting  of  the  frames,  both  to  the  reverse  frames  and 
also  to  the  skin  of  the  ship,  and  perhaps  therefore  there  is  not  much  difference  after  all  in  riveting 
required  in  this  form,  and  that  which  would  occur  in  the  ordinary  construction.  I  was  a  little  amused 
by  the  clever  way  in  which  Mr.  Denny  suggested  that  an  objection  w^ould  arise  in  this  vessel  fi'om  the 
requirement  of  superior  iron.  To  me  that  is  one  of  the  greatest  recommendations  that  this  scheme 
possesses.  I  think  that  whatever  information  we  may  possess,  and  it  may  be  small,  as  to  the 
number  of  ships  lost  from  bad  iron,  if  the  ships  that  have  gone  to  the  bottom  could  speak,  you  would 
find  that  the  bad  iron  has  got  a  great  deal  to  do  with  it.  I  believe  nothing  has  done  shipbuilding  so 
much  mischief,  and  continues  every  day  to  do  it,  as  the  curse  of  bad  iron,  and  the  greater  cm'se  of 
people  being  able  to  insure  against  loss.  Until  we  get  a  change  hj  which  it  is  made  penal  for  a  man 
to  insure  a  ship  up  to  all  he  can  lose  by  her  foundering,  we  shall  have  ships  constructed  of  ba  1  iron,  and 
shall  never  have  them  made  of  such  iron  and  of  such  manufactm-e  as  the}'  ought  to  be.  I  do  not  think 
it  becomes  a  part  of  our  business  to  enter  upon  this  now,  but  it  is  a  theme  which  might  well  exercise 
the  best  ability  of  every  one  of  those  I  see  around  me,  who  are  so  largely  engaged  in  shipbuilding,  to 
endeavour  by  their  influence  to  produce,  on  the  country,  the  conviction  that  those  two  matters  lie  at  the 
root  of  all  the  misfortunes  to  ships,  and  a  great  deal  of  the  depression  of  trade  existing  at  the  present 
moment.  On  the  whole,  I  am  very  favom-ably  disposed  to  this  matter.  I  do  not  think  it  will  be  one  of 
easy  introduction.  I  think  it  is  one  that  will  require  all  the  energy  of  a  man  like  Mr.  Humphrys  to  carry 
on  successfully,  and  it  will  be  some  time  before  he  will  get  us  to  adopt  it  as  a  general  rule,  because,  I 
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must  say  frankly,  although  it  is  extremely  ingenious,  and  although  there  are  many  points,  particularly 
the  nice  arrangement  for  carrying  out  douhle  bottoms,  yet  I  think  it  has  not  sufficient  advantages  over 
the  ordinary  plan  to  make  it  so  patent  that  people  will  be  compelled,  as  it  were,  to  accept  the  one  and 
discard  the  other.  It  only  becomes  a  question  of  the  balance  of  advantages,  and  people  will  only 
accept  it  after  they  have  the  means  of  seeing  it  practically  put  into  operation  by  a  man  who  is 
devoting  his  whole  attention,  to  getting  over  the  enormous  difficulties  that  he  will  have,  before  he 
will  be  able  to  make  it  perfect.  On  the  whole,  I  think  it  is  a  most  interesting  paper,  and  that  we 
ought  to  be  much  obliged  to  Mr.  Humphrys  for  bringing  it  before  us. 

Mr.  Denny  :  Will  your  Lordship  permit  me  one  word  of  explanation  with  regard  to  what  Mr. 
Samuda  said.  I  think  he  has  perhaps  taken  me  up  on  the  impression  that  I  advocate  the  use  of  bad 
iron.  I  do  not :  nothing  of  the  kind.  But  there  are  different  qualities  of  iron,  and  there  are  plenty 
of  qualities  of  iron  quite  good  enough  for  shipbuilding,  remarkably  good  iron,  but  which  could  not 
flange  in  the  way  in  which  the  iron  there  would  be  required  to  flange.  I  think  if  this  Institution  were 
to  recognise  the  idea  that  ships  should  be  built  of  best  iron,  it  would  be  making  an  entire 
mistake.  Mr.  Samuda  has  referred  to  the  depression  of  trade.  I  have  no  hesitation  in  saying  if  his 
views  were  adopted  that  the  cost  of  ships  would  be  so  much  that  the  depression  would  be  greater. 

Mr.  Samuda  :  I  do  not  hesitate  to  say  that  the  skin  of  every  ship  ought  to  be  built  of  best 
iron,  and  nothing  short  of  best  boiler  plate  ought  ever  to  be  used. 

Mr.  Denny  :  I  do  not  think  it  is  necessary. 

Mr.W.  John:  I  agree  very  much  with  the  remarks  which  have  fallen  from  Mr.  Denny  in  reference 
to  this  mode  of  construction  and  the  difficulties  that  would  arise  from  it.  I  think  they  are  chiefly  con- 
nected with  the  ends  of  the  ships,  otherwise  the  method  of  construction  is  a  simple  one,  and  offers  many 
facilities.  Of  course,  with  regard  to  the  question  of  material,  it  would  have  to  be  either  steel  or  a  very 
special  kind  of  iron,  and  on  this  question  of  iron  I  should  like  to  say  a  word.  Mr.  Samuda  has  said  a 
good  deal  about  the  bad  iron  used  in  ship  constraction.  Now  I  think  I  may  say  that  the  surveyors 
of  Lloyd's  Register  have  had  as  good  opportunities  of  knowing  the  qualities  of  iron  used  throughout  the 
country  as  Mr.  Samuda  or  any  one  in  the  country,  and  we  have  had  experiments  made  over  and  over  again 
where  we  have  had  suspicions  of  bad  iron,  and  I  will  venture  to  say  that  the  iron  used  throughout  the 
country  for  shipbuilding  is  not  of  the  character  described  by  Mr.  Samuda,  but  it  is  a  good,  substantial, 
strong,  ductile  material.  It  is  a  material  that  will  stand  20  tons  to  a  square  inch,  and  if  you  were  to 
go  through  the  shipbuilding  yards  right  round  from  the  east  coast  to  the  west  and  take  samples,  you 
would  find  almost  invariably  that  iron  would  stand  tensile  strains  of  20  tons  to  the  inch,  and  bending 
and  ductile  strains  equal  to  the  Admiralty  tests  for  best  iron.  Therefore  there  is  but  the  remotest  chance 
of  ships  being  lost  from  bad  iron.  Mr.  Samuda  implied  yesterday  that  Lloyd's  rules  were  framed 
to  meet  the  scantlings  that  would  be  required  supposing  the  iron  was  bad.  I  say  they  are  nothing 
of  the  kind.  They  are  framed  upon  a  good  uniform  quality  of  iron,  and  it  is  the  duty  of  the  surveyors 
to  our  Society  to  insist  upon  the  iron  being  good,  and  they  do  so,  and  they  get  good  iron.  It  is  all 
very  well  for  a  builder  to  stand  up  and  talk  about  using  Staffordshire  iron,  while  his  fellow- shipbuilders 
are  using  pot  metal,  but  that  sort  of  thing  is  not  the  case.  I  believe  there  is  more  uniformity  in  the 
quality  of  material  used  throughout  different  building  yards  in  the  country  than  there  has  ever  been 
before.  Then  with  regard  to  the  question  of  steel.  It  has  been  said  that  the  Committee  of  Lloyd's 
have  hampered  the  introduction  of  steel.  I  say  instead  of  doing  that  they  have  done  everything  that 
has  been  prudent  to  facilitate  the  introduction  of  steel — this  mild  steel  that  is  suitable  for  shipbuilding. 
They  sent  round  their  surveyors,  who  have  been  to  the  manufacturers  ;  tested  the  material  in  all 
quarters,  consulted  with  the  builders,  and  they  have  most  carefully  considered  what  reduction  from 
iron  should  be  given ;  but  Mr.  Samuda  comes  here  without  knowing  what  has  been  done,  he  does  not 
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remember  oven  the  fraction  allowed  off  iron,  but  he  thinks  it  is  a  fourth,  and  he  condemns  the  action 
of  Lloyd's  positively  vs^ithout  knowing  what  they  are  doing.  Then  there  is  another  point,  my  Lord, 
to  which  I  would  refer,  and  that  is  the  position  we  take  with  rfif,'ard  to  novelties  of  this  kind. 
Mr.  Samudii  says.  Let  Lloyd's  point  out  defective  workmanship,  and  do  not  let  them  interfere  with  the 
freedom  of  the  shipbuilder,  and  tell  him  what  he  ought  to  do.  It  is  the  pleasure  of  the  Committee  of 
Lloyd's,  and  all  the  staff  of  Lloyd's,  to  go  out  of  their  way  if  they  can  to  assist  builders  in  developing 
new  systems  of  construction — in  not  keeping  them  to  the  mere  hard-and-fast  requirements  of  the 
rules,  but  if  they  can  go  out  of  their  way  to  assist  Mr.  Humphrys  for  instance,  they  would  do  so,  as 
they  did  in  the  construction,  as  I  pointed  out  yesterday,  of  that  peculiar  novelty,  the  twin-ship.  We 
there  did  all  we  could  to  assist  the  builders  to  develop  the  system  of  construction,  and  if  Mr.  Samuda 
had  more  acquaintance  with  the  present  working  of  Lloyd's  he  would  never  have  made  the  remarks 
he  did  yesterday.  I  say  that  Mr.  Samuda,  when  he  did  build  merchant  ships,  some  years  ago,  used 
iron  the  same  as  other  people  used,  and  the  surveyors  to  our  Society  had  as  much  trouble  with 
Mr.  Samuda's  iron  as  they  had  with  other  builder's  in  the  country. 

Mr.  Samuda  :  Keally,  my  Lord,  I  must  call  Mr.  John  to  order.  I  should  like  to  know  upon  what 
authority  Mr.  John  ventures  to  say  that  any  iron  that  ever  I  used  was  of  an  unsuitable  description  to 
put  into  a  vessel,  or  that  his  people  had  any  trouble  with  any  iron  which  I  produced.  I  think  it  is  a 
most  improper  statement  to  make,  and  I  defy  him  to  prove  it.  I  insist  upon  Mr.  John  withdrawing 
those  words  which  imply  that  I  have  put  into  my  ships  iron  of  an  inferior  quality  to  that  which  I  have 
described  as  necessary  for  them.    I  insist  upon  that  being  withdrawn,  my  Lord. 

Mr.  John  :  My  Lord,  I  have  no  wish  to  imply  anything  of  the  sort. 

The  President  :  One  moment,  if  you  please.  Mr.  Samuda  has  made  an  appeal  to  me  which  I  must 
say  under  the  circumstances  I  think  is  a  very  natural  appeal.  My  answer  to  it  is  merely  this.  We 
have  always  conducted  our  discussions  here  in  so  good  a  spirit,  and  with  a  desire  on  all  sides  to 
conduce  to  useful  ends,  that  I  am  sure  Mr.  John  will  be  ready  to  withdraw  anything  that  could  have 
fairly  hurt  the  feelings  of  Mr.  Samuda. 

Mr.  John  :  My  Lord,  if  I  said  (I  do  not  think  I  did)  that  Mr.  Samuda  had  put  iron  into  his 
ships  that  was  unfit  to  go  into  his  ships,  I  will  withdraw  the  expression.  I  will  not  say  what  I  meant 
to  say. 

Mr.  Morgan  :  My  Lord,  I  must  rise  to  order. 

The  President  :  There  is  no  question  now  before  the  meeting.  Mr.  Samuda  has  made  an  appeal 
to  me.  Mr.  John  has  met  that  appeal,  I  think  very  fairly,  and  in  a  manner  which  I  hope  is  satis- 
factory to  Mr.  Samuda.    Therefore  I  think  we  had  better  continue  our  discussion  now. 

Mr.  John  :  I  will  only  say  one  word.  It  is  farthest  from  my  wish  at  any  time  to  enter  into  what 
may  appear  to  be  personal  questions,  or  to  say  harsh  things,  but  I  think  I  have  not  been  without 
provocation  on  this  occasion,  and  Mr.  Samuda  has  himself  to  thank  for  the  tone  the  discussion  has 
taken. 

Mr.  Samuda  :  Order,  order. 

Mr.  J.  Scott  Russell  :  I  think  that  is  a  renewal  of  the  imputation. 
Mr.  John  :  Oh  no. 

Mr.  Scott  Russell  :  It  appears  to  me  to  be  a  renewal  of  the  imputation. 
Mr.  John  :  If  your  Lordship  thinks  so  I  will  withdraw  the  words. 

Mr.  W.  H.  White  :  My  Lord,  may  I  be  permitted  to  say  one  or  two  things  about  Mr.  Humphrys' 
system  of  construction,  which  I  have  studied  with  considerable  interest  ?  Of  course  it  is  not  a 
matter  on  which  I  can  speak  with  certainty  without  calculation,  but  I  should  think  it  probable  that, 
adopting  so  great  a  spacing  of  partial  bulkheads,  Mr.  Humphrys  has  in  his  mind  the  use  of  a 
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considerable  number  of  complete  transverse  water-tight  bulkheads  in  the  vessel  of  the  proportions 
stated  in  his  paper.  Of  course  the  use  of  widely-spaced  partial  bulkheads  has  been  made  common, 
by  Mr.  Scott  Russell's  influence  I  believe  chiefly,  but  it  does  seem  \o  me  that  for  a  vessel  of  this 
depth,  unless  she  had  a  number  of  complete  tranverse  water-tight  bulkheads,  or  very  strong  partial 
bulkheads  at  comparatively  frequent  intervals,  longitudinals  of  the  scantlings  shown  on  the  model 
would  hardly  do  their  work.  I  ask  for  information.  I  presume  also  that  at  the  ends  of  the  ship 
Mr.  Humphrys  would  introduce  a  series  of  stiffeners  of  a  transverse  vertical  character  to  help  the 
longitudinals  to  do  their  work  against  the  panting  strains,  which  frequently  cause  damage  in  badly- 
built  ships. 

Mr.  H.  Edwards  :  My  Lord,  when  I  looked  at  the  model  I  thought  it  was  an  adaptation  of  my  own, 
but  I  find  it  is  not.  I  wish  to  ask  the  writer,  Mr.  Humphrys,  the  question,  how  long  it  is  since  that 
idea  had  struck  him  ?  Mr.  Denny,  I  think,  made  a  remark  about  the  narrow  streaks  on  the  section,  and 
he  said  that  he  could  build  a  ship  with  half  the  number  of  streaks.  Now  that  is  one  complaint  that 
I  have  to  make  of  iron  shipbuilders,  having  wide  streaks.  Very  few  men  have  had  more  experience 
of  ships  than  myself.  I  have  seen  ships  coming  into  dry  dock  with  nine  to  thirteen  streaks  taking  the 
whole  girth  amidships,  some  of  those  streaks  four  feet  six  inches  wide.  You  may  go  round  that  ship,  and 
Mr.  John  may  say  what  he  likes  about  Lloyd's  and  the  surveyors  who  examine  them,  and  you  will  not 
find  but  what  there  is  a  move  in  the  butt  action,  in  my  opinion,  by  these  broad  streaks.  I  think  Mr. 
Humphrys  has  got  quite  the  idea  in  this  longitudinal  system  of  framing,  but  my  system  is,  instead 
of  the  plates  being  flanged  to  have  a  T  angle  iron  riveted  on  the  joint  of  each  plate,  which  I  asked 
Mr.  Samuda  to  look  at  once,  and  it  is  a  system  which  I  should  like  Mr.  Scott  Eussell  to  see.  The 
frame  runs  fore  and  aft  with  a  T  iron.  It  is  placed  on  the  joint  of  each  plate.  The  riveting  is  single 
riveting.  The  transverse  riveting  I  throw  away  entirely.  It  has  been  before  the  Admiralty,  it  has 
been  before  Lloyd's,  but  unfortunately  I  am  a  poor  man  and  cannot  bring  it  out.  I  must  get  some  of 
you  gentlemen  to  look  at  it  by  and  by.  It  is  undoubtedly  a  cheaper  system  ;  it  is  a  lighter  system  ;  it 
is  a  safer  system,  and  a  stronger  system  than  that  which  we  have  before  us.  It  is  lighter,  because  I 
save  the  laps  of  the  plates,  I  save  the  short  pieces  of  the  angle  iron  to  connect  the  intereostals.  I 
save  the  lining  piece  behind  the  outside  plate,  and  I  should  say  I  save  something  like  10  per  cent,  of 
weight  without  the  least  piece  of  iron  being  less  than  what  Lloyd's  require  in  any  ship  they  like  to 
mention.    The  larger  the  ship  the  better  my  system  applies. 

Mr.  J.  ScoTT  Russell,  F.R.S.  :  My  Lord,  I  could  not  allow  this  paper  to  pass  without  recording 
my  approbation  of  a  great  deal  of  it.  A  great  many  years  ago,  before  I  introduced  what  they  call  the 
longitudinal  system  of  construction  in  my  large  vessels,  I  thoroughly  considered  this  very  point,  and  I 
think  the  inventor  of  it  will  admit  frankly  that  at  that  time,  and  in  that  stage  of  our  iron  manufac- 
ture, some  twenty  or  thirty  years  ago,  we  should  not  have  even  dreamt  of  having  those  very  pretty 
plates  which  he  has  given  us.  I  assume  from  his  position  as  a  practical  man  that  he  has  already 
ascertained  that  he  can  have  those  plates  absolutely  perfectly  made  of  extremely  good  iron,  and  at  a 
moderate  price  :  I  assume  that  as  a  practical  man  he  has  done  that.  That  gets  over  a  good  many 
difficulties.  Now  he  must  have  some  good  reason,  which  he  has  not  told  us,  why  he  makes  these  so 
very  long  and  so  very  narrow  instead  of  a  little  wider.  It  pleases  our  friend  no  doubt  very  much  that 
it  should  be  so  narrow,  but  it  displeases  me,  because  I  should  like  to  have  one  set  of  rivets  doing  the 
work  of  two  sets,  and  I  am  not  an  objector  to  a  broad  streak — I  rather  like  a  broad  streak. 
Mr.  Edwards  :  On  the  deck. 

Mr.  J.  Scott  Russell:  I  like  a  broad  streak  of  iron.  If  it  is,  say,  half  an  inch  thick,  I  do  not 
like  it  to  be  much  less  than  thirty  inches  wide.  If  it  is  three-quarters  of  an  inch  thick,  then  I  should 
like  my  streak  to  be  about  tliirty-six  inches  from  centre  of  rivet  to  rivet,  and  thirty-nine  inches  over 
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all.    That  would  of  course  economise  this  in  some  respects,  and  it  might  make  difficulties,  I  suppose, 
as  to  the  rolling  of  the  streaks.    All  that,  I  hope,  the  inventor  will  show  us  he  has  got  rid  of,  in  some 
way  or  other.    I  think  wo  must  be  unanimous  in  saying  that  the  doing  the  whole  midship  parallel 
body  of  the  vessel  in  this  manner  presents  hardly  any  structural  difficulty.  I  think  also  that  it  is  very 
convenient  for  the  construction  of  an  iron  bottom.    I  should  not  wonder  if  in  the  end  we  find  that,  the 
most  convenient  manner  of  putting  together  an  iron  bottom.    That  I  do  not  know,  but  this  I  do  know, 
that  I  worked  the  whole  of  this  out  at  one  time,  and  excepting  that  our  manufacturers  were  not  up  to 
it,  I  liked  it  very  much.    I  do  not  know  that  attention  has  been  called  to  the  great  beauty  (and 
there  are  a  great  many  advantages  along  with  the  beautiful)  of  the  uniform  skin  we  have  got  outside. 
I  presume  the  rolling  and  arrangement  of  the  riveting  we  do  not  yet  quite  understand.  I  know  the  great 
difficulty  I  had  in  inventing  an  absolute  continuous  system  of  riveting,  which  I  did  in  my  vessels,  and 
in  the  Great  Eastern  an  absolutely  perfectly  mathematical  system,  all  the  rivets  the  same  distance 
from  each  other,  and  all  the  plates  fitted  the  moment  they  went  together  without  any  adjustment  what- 
ever ;  that  is  to  say,  a  plate  came  from  there  and  another  from  there — two  plates  that  had  never  seen 
each  other  before — and  they  all  fitted  together  absolutely  perfectly  in  their  places.  The  great  advantage 
of  that  is,  that  you  do  the  thing  in  once  instead  of  doing  it  in  twice,  and  a  perfect  fit  is  always  much 
better,  and  to  my  mind  much  cheaper,  than  when  two  things  fit  nearly  and  have  to  be  adjusted  after- 
wards.   1  daresay  the  inventor  has  provided  for  that.    There  is  the  remaining  difficulty  which  Mr. 
Samuda  called  attention  to.    I  think  the  author  has  himself  got  at  the  difficulty,  although  he  has  not 
explained  it  to  us.    In  developing  an  absolutely  mathematical  system  for  the  Great  Eastern,  I  had  to 
get  over  the  same  difficulty  which  he  had  here  when  he  leaves  the  middle  body.    When  he  leaves  the 
middle  body,  what  is  he  to  do  ?  how  is  he  to  get  his  tapers  ?  how  is  he  to  get  his  double  curvatm^e  ? 
how  is  he  to  make  his  mathematical  edges  and  flanges  ?    That  is  extremely  difficult.    Now  the  way  I 
got  over  all  that  trouble  in  the  Great  Eastern  was  this,  and  you  will  be  horrified  when  I  tell  you.  I  left 
every  alternate  streak  of  the  ship  its  full  parallel  breadth  from  end  to  end  of  the  ship.    I  say  I  left 
every  alternate  streak  an  equal  breadth  from  end  to  end  of  the  ship,  only  that  gave  me  the  trouble  of 
calculating  the  dimensions  in  every  alternate  plate.     Now  something  like  that  appears  here,  and 
if  you  have  the  general  design  of  the  ship,  I  daresay  you  would  contrive  the  ship  so  as  to  have  a  great 
number  of  parallel  plates  running  all  through,  and  then  concentrating  the  exceptional  diverging  or 
tapered  plates  at  certain  places.    I  observe  in  this  instance  that  they  are  so  concentrated.  Permit 
me,  in  fine,  to  say  that  these  ships  require  much  more  skill  in  the  designer,  and  much  gi-eater  fore- 
thought in  the  putting  together,  than  our  ordinary  construction  would  have,  but  I  am  very  hopeful  that 
with  skilful  designers  and  constructors,  this  may  be  found  a  very  efficient  and  very  dm^able,  and,  in  the 
end,  an  economical  structure  for  a  ship. 

Mr.  C.  W.  Merrifield,  F.R.S.  :  My  Lord,  there  is  one  question  I  should  like  to  put  to  the  author. 
I  have  not  had  the  advantage  of  hearing  the  whole  of  the  discussion,  but  I  have  looked  at  the  paper, 
and  there  was  this  difficulty  that  presented  itself  with  regard  to  a  scheme  of  shipbuilding  not  vmlike 
this  in  some  respects,  where  the  arrangement  of  the  plates  was  transverse  instead  of  longitudinal, 
which  was  presented  before  this  Institution  some  yesLX  or  two  ago,  that  is  to  say,  what  security  is  there 
that  the  butts  will  not  open  under  tension,  and  destroy  the  fairness  of  the  sm-face  of  the  ship  when 
exposed  to  the  ordinary  racking  strains  arising  both  from  the  sea  and  the  loading  ? 

Mr.  J.  McMillan,  Junr.  :  My  Lord,  Mr.  Denny  has  referred  to  our  scheme  of  skin  riveting. 
About  three  years  ago  we  introduced  a  skin  riveter,  and  since  then  have  continued  using  it  on  the 
shells  of  our  ships.  We  find  the  work  to  be  very  good  indeed,  Lloyd's  having  also  approved  of  it.  To 
show  the  amount  of  work  one  of  these  machines  is  capable  of  doing,  on  one  occasion  we  put  on  a  very 
good  man.    In  half  an  hour  he  put  down  60  rivets.    In  time-work  as  a  rule  I  believe  the  average  put 
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down  by  two  riveters,  one  holder-on  and  a  boy,  is  something  like  perhaps  140  f -inch  rivets,  and 
on  piece-work  the  same  men  could  put  down  250  in  a  similar  time.  Working  this  steam  riveter  as 
we  have  done  it  hitherto  our  men  have  not  taken  to  it,  but  notwithstanding  that,  we  continue 
using  it,  and  our  present  system  is  to  pay  them  a  day's  work  if  they  put  down  140  rivets — 
we  give  them  a  bonus  for  anything  over  that.  When  they  take  to  it  I  have  not  the  slightest 
doubt  that  the  steam  riveter  will  be  taken  up  and  highly  approved  of  by  shipbuilders  who 
do  not  now  vise  it. 

Mr.  J.  HuMPHRYS  :  My  Lord,  with  reference  to  the  observations  Mr.  Denny  made,  I  wish  to  point 
out  that  as  to  the  hydraulic  riveter  I  do  not  speak  of  the  hydraulic  riveter  par  excellence,  by  any 
means.  I  simply  say  that  I  speak  of  mechanical  appliances,  and  I  merely  illustrated  the  hydraulic 
riveter  as  a  very  handy  mode  of  mechanical  riveting,  and  such  indeed  as  has  been  very  imiversally 
adojDted.  If  you  come  to  compare  the  riveters  together,  I  think  I  am  not  very  far  wrong  if  I  say  that 
steam  riveters  were  generally  used  some  years  ago  for  boiler  making,  and  were  abandoned  for 
hydraulic  riveters.  I  was  partially  aware  of  Mr.  McMillan's  very  ingenious  contrivance  for  riveting 
the  shells  of  vessels,  but  I  was  rather  surprised  to  hear  that  it  was  in  general  use,  as  he  now  states. 
With  reference  to  the  number  of  streaks  in  the  proposed  vessel  being  greater  than  they  would  be  in 
the  ordinary  mode,  and  therefore  that  the  riveting  would  be  greatly  increased,  I  wish  to  point  out 
that  in  most  vessels  the  riveting  is  very  commonly  what  we  call  double  chain  riveting,  and  that  by 
the  system  I  propose  to  adopt  here  my  intention  was  to  have  only  a  single  row  of  riveting,  so  that 
practically  the  number  used  would  not  be  much  different  from  that  used  in  the  present  system.  Then 
with  regard  to  the  quality  of  the  iron,  all  I  can  say  is,  I  put  myself  into  communication  with  some  of 
the  fii'st  iron-masters  in  the  kingdom  before  I  would  go  on  working  up  this  notion,  because  everything 
hinged  on  that.  If  these  sections  could  not  be  rolled  at  a  marketable  price,  then  there  was  no  need  to 
do  the  whole  thing  at  once.  But  some  of  the  most  eminent  iron-masters  informed  me  that  if  this 
became  a  system,  and  the  material  was  produced  in  such  large  quantities  as  at  present,  they 
had  no  hesitation  in  saying,  it  could  be  produced  at  a  cost  about  the  same  as  the  present  ship-plate. 
I  think  that  may  be  further  exemplified  when  we  find  that  girders,  Belgian  for  instance,  are  even  now 
dehvered  here  in  small  quantities  at  about  £7  per  ton.  Then  with  regard  to  the  double  bottom,  that 
we  know  is  no  novelty  at  all — a  longitudinal  double  bottom.  I  only  say  that  this  system  offers  a  very 
ready  mode  of  doing  it.  Then  with  reference  to  the  question  that  was  asked  by  Mr.  Samuda,  and 
also  further  adverted  to  by  Mr.  Scott  Eussell,  as  to  the  mode  in  which  the  tapering  plates  would  be 
dealt  with — that  I  got  over  very  much  in  the  way  that  Mr.  Scott  Eussell  has  indicated.  I  run  out 
from  amidships  as  many  streaks  as  I  can  cut  parallel  from  end  to  end  of  the  vessel.  Occasionally 
I  have  to  deal  with  what  is  commonly  called  a  drop  or  sketch  plate.  If  you  observe  the  model  here, 
and  count  the  number  of  sections  down,  here,  you  will  find  the  few  sketch  plates  required  are 
comparatively  small  as  compared  with  the  aggregate  required  for  the  entire  sturcture,  and  there  is 
a  very  simple  mode  indeed  in  which  sketch  plates  can  be  made.  All  you  have  to  do  if  you 
want  to  have  a  sketch  plate  is  to  split  up  a  piece  of  the  parallel  stuff — cut  off  from  the  inside  as  much 
as  is  required,  and  then  put  the  two  together  and  rivet  them,  and  then  you  have  your  sketch  plate 
Then  with  reference  to  Mr.  White's  remarks,  of  course  the  transverse  bulk-heads  are  intended  to  be 
introduced  here  which  formed  part  of  the  weights  when  the  calculations  were  taken  for  the  purpose  of 
comparison,  and  are  introduced  here.  The  arrangement  for  the  panting  both  forward  and  aft  are 
also  introduced,  and  were  allowed  for  in  calculating  the  weights.  They  are  not  shown  here,  because 
we  wished  to  show  how  the  skin  was  dealt  with  there.  I  did  not  catch  the  name  of  the  gentleman 
who  called  attention  to  the  possibility  of  the  work  oi^ening.  I  do  not  think  we  need  apprehend  much 
from  that  feature,  inasmuch  as  we  have  here  perfectly  fair  work ;  all  the  holes  are  absolutely  true 
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with  each  other,  and  they  are  riveted  together  by  a  mechanical  riveter  which  I  think  is  more  likely 
to  hold  the  work  firm  and  secure  than  the  present  mode  adopted  for  hand-riveting. 

Mr,  Scott  Russell  :  There  is  one  question  more.  I  should  like  to  ask,  why  this  particular 
breadth  of  plate  was  chosen. 

Mr.  HuMPHRYs  :  For  this  reason,  that  in  the  interviews  which  I  had  with  the  iron-masters,  they 
thought  it  would  be  advisable  to  limit  it  to  20  inches  in  width  for  the  convenience  of  manufacture. 

Mr.  Scott  Russell  :  For  the  present  ? 

Mr.  HuMPiiRYS :  Yes. 

Mr  Scott  Russell  :  I  thought  so. 


LLOYD'S   YACHT  EEGISTEE. 


By  Dixon  Kemp,  Esq.,  Associate. 

[Read  at  the  Twentieth  Session  of  the  Institution  of  Naval  Architects,  5th  April,  1879,  the  Right  Hon. 
LoED  Hampton,  G.C.B.,  D.C.L.,  President,  in  the  Chan-.] 


Yachts  may  be  regarded  as  the  production  of  the  present  century,  as  although  it  is  on  record 
that  during  the  Tudor  era  vessels  built  for  pleasure  were  described  as  "yachts,"  they  were 
merely  Government  vessels,  intended  for  the  use  of  Royalty,  and  officers  of  State,  At  the 
commencement  of  the  present  century  there  were,  perhaps,  twenty  yachts  in  existence,  owned 
by  private  individuals,  but  their  exploits  were  confined  to  the  sheltered  water  inside  the  Isle 
of  Wight,  with  Cowes  for  head-quarters,  as  yachting  in  the  Channel  might  have  been  attended 
with  inconvenience  at  that  period.  However,  in  spite  of  French  cruisers  and  the  confined 
limits  of  yachting  a  taste  for  the  new  pastime  was  rapidly  developed,  and  in  1812  the  fifty 
noblemen  and  gentlemen  who  then  owned  yachts  formed  themselves  into  a  yacht  club, 
which  club  has  blossomed  into  the  present  Royal  Yacht  Squadron.  From  that  period  the 
number  of  yachts  rapidly  multiplied,  and  the  fashion  of  yachting  gradually  pervaded  all  the 
moneyed  classes.  The  great  progress  yachting  has  made  during  the  last  half-century  can  be 
gleaned  from  the  following  table,  which  shows  the  number  of  yachts  there  were  above  ten 
tons  at  different  periods  from  1812  to  the  present  time  : — 

Year.  No.  of  Yachts. 

1812  ....  ....  ....  ....  ....  50 

1850  ....  ....  ....  ....  ....  400 

1864  ....  ....  ....  ....  ....  650 

1878  ...  ....  ....  ....  ....  1,400 

Besides  these,  there  are  some  five  hundred  yachts  of  ten  tons  and  under,  bringing  the  total  up 
to  nearly  two  thousand. 

The  early  yachts  were  mostly  built  on  the  plan  of  the  Revenue  cruisers  of  the  period, 
and  the  shipwrights'  construction  of  these  cruisers  was  generally  followed.  However,  it  was 
soon  discovered  that  the  amount  of  timber  used  in  the  construction  of  a  Revenue  cruiser  was 
quite  unnecessary  for  a  yacht,  and  the  scantlings  got  lighter  and  lighter,  and  some  owners, 
who  personally  superintended  the  building  of  their  yachts,  dispensed  with  many  of  the 
through  fastenings,andthe  longitudinalframing  in  the  shape  of  limber  strakes  and  bilge  strakes. 
These,  however,  were  exceptions  in  yacht  construction.  Yacht  building  had  become  a 
recognised  branch  of  industry,  and  the  builders,  whilst  not  displaying  much  originality  in 
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their  designs,  wisely  built  with  sufficient  regard  to  strength  and  durability.  There  is  evidence 
existing  of  this,  as  one  yacht  built  sixty  years  ago  on  the  Colne*  is  at  present  cruising  in  the 
Mediterranean,  and  another,!  fifty- four  years  old,  is  one  of  the  most  noted  racing  yachts  of 
the  period.  A  schooner  fifty  years  old  was  recently  bought  for  cruising  in  the  ]3osphorus, 
and  besides  these  there  are  several  yachts  to  be  found  in  the  "  Yacht  Kegister"  whose  ages 
range  from  thirty  to  fifty  years.  These  facts  can  be  accepted  as  evidence  that  the  first  yacht 
builders  used  good  materials,  and  had  an  appropriate  scheme  of  scantling  and  fastening. 

As  the  number  of  yachts  increased  competition  for  their  construction  was  extended.  The 
immediate  effect  of  this  was  that  the  builders'  price  per  ton  varied,  and  as  a  consequence  the 
quality  of  the  material  and  work  varied  also.    At  the  same  time  another  influence  was  at 
work  which  largely  assisted  in  reducing  the  sizes  of  the  scantling,  even  below  what  those 
owners  had  ventured  upon  to  whom  reference  has  already  been  made.    Match  sailing  in 
1851  became  a  pastime — nay,  almost  a  rage — and  for  the  sake  of  carrying  a  large  quantity 
of  ballast  on  any  given  displacement,  the  frames  were  made  much  lighter  than  was  prudent, 
their  spacing  was  increased,  and  the  skin  was  dangerously  reduced  in  thickness,  and  frequently 
only  of  soft  wood.    Beyond  this,  the  sharpness  of  the  form  of  the  bottom  which  the  exigen- 
cies of  yacht  racing  had  introduced  almost  precluded  the  use  of  grown  floors,  as  they  could 
not  be  found  with  sufficient  dead  rise,  or  if  they  could  the  throat-bolt  had  to  follow  the  grain 
of  the  wood,  which  was  highly  objectionable.    This  led  to  the  introduction  of  various  plans  of 
floor  construction,  some  of  which  were  expensive  and  decidedly  advantageous,  whilst  others 
were  cheap  and  weak.    In  fact,  the  greatest  freedom  was  allowed  builders  in  their  systems  of 
construction,  and  although  some  of  them  displayed  considerable  mechanical  skill  in  obtaining 
strength,  whilst  reducing  the  weight  of  material,  others  showed  very  little  of  that  skill,  and 
many  weakly-built  vessels  were  the  consequence.    An  occasional  reference  would  be  made 
to  Lloyd's  rules,  but,  as  a  rule,  builders  were  apt  to  regard  these  rules  with  a  kind  of  super- 
stition, and  appeared  to  believe  that  if  any  yacht  were  built  up  to  them  she  would 
necessarily  be  nothing  better  than  a  merchantman,  both  in  looks  and  in  sailing  qualities. 
Occasionally,  during  the  last  twenty  years,  a  yacht  was  built  under  Lloyd's,  and  actually 
classed;  but  the  total  number  of  these  classed  wood  yachts  in  1877  had  only  been  twenty. 
The  owners'  aim  appeared  to  be  to  get  a  vessel  built  as  cheaply  as  possible ;  the  builders'  aim,  to 
use  as  little  material,  and  that  of  as  indifi"erent  a  quality,  as  his  conscience  or  judgment 
permitted  him  to  think  would  be  necessary  for  the  yacht  to  keep  together  for  four  or  five 
years.    Lloyd's  rules  were  contemned  for  two  urgent  reasons  :  the  first  of  these  reasons  the 
builder  admitted  to  himself  only,  that  is,  by  carrying  the  rules  out  to  the  letter  he  could  not 
build  a  yacht  without  charging  considerably  more  per  ton — perhaps  as  much  as  thirty  per 
cent. — than  the  owner  would  be  pleased  to  pay.   The  second  reason  was  told  to  the  owner,  and 
was  to  the  efiect  that  a  vessel  of  very  much  heavier  scantling  than  was  used  for  a  yacht,  and 
one  very  much  stronger  than  was  necessary  would  be  obtained  if  the  rules  were  conformed 
to.    The  builder  could  appeal  to  his  long  experience  in  yacht  building,  and  declare  that  he 

*  The  Pearl,  160  tons,  biiilt  by  Sainty,  of  Wivenhoe,  for  the  Marquis  of  Anglesey,  in  1818. 
i  The  Arrow,  117  tons,  built  by  Liman,  of  Lymington,  for  the  late  Sii'  Joseph  Weld,  in  1822. 
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could  in  every  way  build  a  more  satisfactory  yacht  according  to  his  own  rules  than  could  be 
produced  if  he  built  according  to  Lloyd's  rules.  On  the  other  hand,  certain  other  builders 
built  as  closely  to  IJoyd's  rules  as  possible,  both  in  quality  and  quantity  of  mate- 
rials, and  adopted  the  system  of  fastening  required  by  these  rules.  Still  the  fact 
remained  that  a  large  number  of  yachts  were  constructed  in  an  unsatisfactory  manner,  and 
no  one  was  more  sensible  of  this  than  the  builders  themselves ;  and  the  wish  was  frequently 
expressed  that  Lloyd's  would  issue  specially  modified  rules  for  the  construction  of  yachts. 
But  it  must  be  confessed  that  the  number  of  yachts  that  were  annually  built  hardly  justified 
Lloyd's  moving  in  the  matter,  and,  moreover,  so  far  as  known,  those  most  concerned,  the 
owners,  had  expressed  no  general  wish  for  Lloyd's  to  interfere.  However,  the  yacht  navy 
gradually  increased  in  number  and  importance,  and  in  1876  had  reached  proportions  which 
justified  a  movement  to  place  yacht  construction  under  some  such  definite  guidance  as 
Lloyd's  society  exercised  over  the  construction  of  merchant  ships.  Mr.  John  Harvey,  the 
Wivenhoe  yacht  builder,  was  the  originator  of  the  movement,  in  this  way.  In  November,  1876, 
he  addressed  a  letter  to  me  on  yacht  construction,  in  which  occurred  the  following  passage  : — 

"  Lloyd's  Registry  of  British  and  foreign  built  ships  bears  now,  and  has  enjoyed  for 
many  years  past,  such  world-wide  reputation  for  integrity,  that  one  feels  as  safe  in  the  purchase 
of  a  vessel,  or  in  the  insurance  or  underwriting  her,  according  to  her  standing  on  the  list,  as 
if  every  timber  and  fastening  were  open  to  inspection.  Seeing  that  the  general  public  are 
thus  guardianed,  we  ask  ourselves  the  question  why  any  gentleman  who  is  about  to  purchase 
or  build  a  yacht  should  not  have  similar  protection  ?  Some  agree  that  it  would  be  better  to 
build  yachts  in  accordance  with  the  directions  given  in  Lloyd's  book ;  but  there  are  reasonable 
objections  to  this,  as  an  unnecessarily  heavy  and  costly  structure  would  be  produced  ;  and 
thus  seeing  and  admitting  that  the  unsatisfactory  system  of  building  yachts  under  no  special 
survey  continues,  I  submit  that  the  state  of  things  points  to  the  necessity  of  framing  a  set  of 
rules  to  be  observed  in  the  building  of  yachts  such  as  Lloyd's  have  framed  for  the  construc- 
tion of  merchant  vessels." 

From  such  knowledge  as  I  had  of  yacht  construction,  I  could  not  but  agree  that  Mr. 
Harvey's  scheme  was  an  excellent  one,  and  one  which  ought  to  meet  with  favour.  I  advocated 
it  warmdy,  and  was  fortunate  in  obtaining  the  co-operation  of  many  well-known  and  influential 
yacht  owners  and  yacht  builders  of  high  repute.    A  committee*  was  formed,  and  preliminary 

*  For  tlie  sake  of  completing  the  history  of  the  foundation  of  the  "  Yacht  Register  "  the  names  of  this 
committee  are  herewith  recorded  : — 


Marquis  of  Exeter. 

Mr.  Frank  Willan. 

Mr.  G.  C.  Lampson. 

Mr.  Clement  Millward,  Q.C. 

Capt.  J.  W.  Hughes. 

Count  Batthyany. 

Capt.  Garrett,  KA. 

Col.  Angus  Hall. 

Mr.  W.  Baden-Powell. 

Col.  lJugmore. 

Sir  ilichard  Sutton. 


Mr.  W.  B.  Forwood. 

Marquis  of  Ailsa. 

Mr.  W.  Cuthbert  Quilter. 

Col.  Gamble. 

Mr.  A.  D.  Macleay. 

Mr.  Benjamin  Nicholson  [Messrs.  Camper  and 
Nichohon). 

Mr.    John   Harvey  {John    Harvey,  Ship  and 

Yachl-huUdinij  Companij). 
Mr.  Dixon  Kemp. 
Mr.  J.  A.  Welch. 
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steps  taken  towards  establishing  a  society  similar  to  "  Lloyd's  Register  of  Shipping."  When 
the  scheme  was  made  public,  Lloyd's  society,  divining  exactly  what  was  required,  came  forward 
and  offered  to  undertake  the  whole  of  the  work  that  had  been  sketched  out  at  the  preliminary 
meetings  of  the  "  Yachting  Lloyd's."  This  was  at  once  recognised  as  a  great  advantage,  as 
Lloyd's  society  had  the  machinery  ready  to  hand  for  making  surveys,  and  it  was  already  foreseen 
that  the  proposed  new  society  would  experience  some  difficulty  in  obtaining  and  supporting  duly 
qualified  surveyors.  Lloyd's  adopted  the  scheme  in  its  entirety ;  formed  special  rules  for  the 
building,  equipment,  and  classing  of  wood,  composite,  and  iron  yachts  ;  issued  a  special  book 
containing  these  rules,  which  book  contains  a  list  of  yachts  and  such  particulars  as  it  is  necessaiy 
should  be  known  concerning  them.  "  Lloyd's  Yacht  Register"  lias  now  been  in  existence 
one  year,  and  as  evidence  of  its  usefulness  I  may  state  that  during  that  time  over  one  hundred 
vessels  have  been  classed,  or  about  three  times  as  many  as  have  previously  been  classed 
throughout  the  whole  term  of  yacht  building. 

The  general  body  of  yacht  owners  are  perhaps  still  not  thoroughly  alive  to  the  advantages 
of  building  under  Lloyd's,  or  are  unacquainted  with  the  disadvantages  or  dangers  of  not  doing 
so.  A  yacht  to  them  is  just  the  same  thing,  and  still  a  yacht,  whether  she  be  classed  or  un- 
classed;  and  as  yachting  or  cruising  is  usually  confined  to  day  passages  from  one  port  to  the 
next  port  on  the  coast,  it  is  not  likely  that  any  serious  accident  will  occur  to  the  general  run 
of  yachts  that  would  convince  owners  that  it  would  be  an  advantage  if  their  yachts  were 
classed.  However,  that  many  unclassed  yachts  are  imperfectly  constructed  there  is  not  the 
smallest  doubt,  and  there  will  be  but  little  difficulty  in  showing  this. 

In  the  succeeding  remarks  it  is  not  my  intention  to  make  any  elaborate  exposition  of  the 
system  of  yacht  construction.  There  is  nothing  wonderful  about  that  system,  and  my  object  in 
calling  attention  to  the  subject  is  simply  to  justify  the  existence  of  the  "Lloyd's  Yacht  Register. ' 
In  the  first  place,  I  may  remark  that  the  rules  for  building  which  have  been  issued  by  Lloyd's 
have  been  approved  by  those  yacht  builders  who  have  hitherto  been  distinguished  for  the 
excellence  of  their  work ;  in  fact,  the  rules  were  based  upon  the  practice  of  these  builders, 
and  by  making  that  practice  the  standard  for  comparison  the  faults  of  construction  can 
readily  be  traced.  Of  course  it  can  still  be  urged  that  for  racing  purposes  a  yacht  built  up  to 
Lloyd's  scantlings  would  be  at  a  disadvantage  if  matched  against  one  of  lighter  scantling ;  this  is 
undoubtedly  true  for  any  given  displacement,  as  the  yacht  of  lighter  scantling  would  carry  more 
ballast,  have,  as  a  consequence,  greater  stability,  and  would  carry  a  larger  area  of  canvas.  But 
obviously  this  could  be  said  if  Lloyd's  had  pitched  their  standard  very  much  lower ;  and  they 
were  not  expected  to  provide  for  the  manufacture  of  stability  for  the  benefit  of  racing  yachts 
in  framing  their  rules,  but  rather  to  provide  rules,  by  building  under  which,  a  yacht  owner 
could  be  certain  of  obtaining  what,  as  a  prudent  man,  he  required,  a  strong  and  durable  hull. 

But  whatever  faults  the  exigencies  of  competitive  sailing  may  cause  builders  to  commit 
in  the  matter  of  scanthng,  there  is  no  reason  why  they  should  not,  even  for  racing  yachts, 
adopt  a  proper  system  of  fastening.  It  is  even  more  important  that  a  racing  yacht  should 
be  properly  fastened,  and  have  great  longitudinal  strength,  than  it  is  that  a  cruising  yacht 
should  be — that  is,  if  she  is  to  be  equally  durable.    Even  if  the  scheme  of  scantling  is  reduced 
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a  little  below  what  is  required  by  the  rules,  the  fastenings  should  not  be  tampered  with  ;  yet, 
oddly  enough,  imperfect  fastenings  is  one  of  the  most  patent  faults  in  the  construction  of 
racing  yachts. 

I  will  now  briefly  glance  at  some  of  the  more  prominent  features  of  yacht 
building,  with  a  view  of  showing  where  defects  in  construction  usually  occur.  In  the  first 
place  I  will  refer  to  materials.  Lloyd's  rules  provide  that  a  term  of  years  shall  be  assigned 
to  a  class  according  to  the  nature  of  the  wood  used  in  the  construction,  and  enjoin  that  the 
wood  must  be  of  good  quality  and  generally  free  from  defects.  The  frames  or  plank  can  be 
of  teak,  oak,  pine,  elm.  greenheart,  &c.,  as  the  builder  pleases,  and  so  can  the  planking  be  of 
any  of  these  woods  or  of  all  of  them  mixed.  But  almost  without  exception  the  frames  of 
yachts  are  of  English  oak,  and  they  are  usually  well  squared,  with  their  butts  properly  shifted, 
dowelled,  or  chocked.  It  is  not,  however,  uncommon  to  come  across  a  frame  in  some  vessel 
whose  butts  come  on  the  same  plank  ;  and  sometimes  the  frames  of  the  after  body,  owing 
to  their  not  having  been  canted,  are  anything  but  square.  Generally  frames  are  free  from 
sap,  but  sappy  timbers  are,  however,  sometimes  admitted  into  a  yacht;  but  as  a  rule  more 
care  is  taken  in  selecting  the  frame  than  is  generally  supposed.  Some  small  yachts  are 
single-timbered,  and  there  appears  to  be  no  objection  to  this  plan  of  framing  if  the  timbers 
are  in  whole  lengths,  and  are  not  grain-cut ;  occasionally,  however,  a  yacht  is  built  with  single 
timbers  in  two  or  more  badly-shifted  lengths,  and  are  grain- cut,  besides,  in  the  way  of  the 
bilge.  Of  course  these  yachts  when  under  way  work  badly  and  leak,  and  would  not  be  fit  to 
keep  the  sea  for  any  length  of  time. 

The  dead  woods  are  frequently  wholly  of  English  elm ;  and  as,  owing  to  the  sharpness 
of  yachts  fore  and  aft,  the  dead  woods  are  deep,  and  much  of  them  confined,  the  elm  is  apt 
to  decay.  As  enjoined  by  Lloyd's, the  upper  portions  of  the  dead  woods  that  have  to  be  housed 
should  be  of  more  durable  wood,  such  as  English  oak. 

For  planking,  pitch  pine  is  largely  used,  but  there  is  a  serious  objection  to  pitch  pine  if 
worked  "  between  wind  and  water,"  or  in  the  neighbourhood  of  the  load  line ;  yachts  are 
frequently  laid  up  from  year's  end  to  year's  end,  their  sides  get  dry,  and  pine  is  a  wood  that 
is  very  damagingly  influenced  by  alternate  wet  and  dry  treatment.  According  to  "  Lloyd's 
Yacht  Register,"  pitch  pine  is  admissible  (in  the  fourteen  years'  class)  if  only  used  to  the 
light  water  line,  with  English  oak  bends  and  teak  topsides,  and  American  elm  garboards  ; 
but  by  working  all  the  plank  in  pitch  pine  the  class  would  be  reduced  five  years.  The  best 
known  builders  take  great  care  in  having  proper  shifts  to  the  butts  of  the  planking,  but 
frequently  a  yacht  is  met  with  where  butts  come  one  above  the  other  in  a  way  that  must 
seriously  interfere  with  the  fore  and  aft  strength  of  the  structure. 

I  have  already  said  that  grown  wood  floors  are  now  seldom  used,  and  an  excellent 
substitute  for  these  arc  iron  floors  cast  to  the  pattern  of  wood  floors.  Another  kind  of  metal 
floor  has  been  introduced  by  Messrs.  Harvey  &  Pryer ;  it  consists  of  lead  cast  to  pattern,  but 
'with  angle  iron  inserted  to  stiflen  the  arms  of  the  floors.  Either  the  iron  or  lead  floors 
are  found  of  the  utmost  advantage  in  yacht  designing,  as  they  form  of  themselves  an  important 
quantity  of  ballast,  and  in  the  best  possible  position  for  influencing  the  stability  of  the  yacht. 
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When  these  iron  or  lead  floors  are  used  a  kelson  is  usually  fitted  over  them  in  the  customary 
manner,  and  the  fastenings  are  arranged  in  exactly  the  same  way  as  they  are  in  similar-shaped 
wood  floors.  During  the  last  twenty  years  Messrs.  Camper  &  Nicholson  have  used  cast  iron 
floors  in  vessels  of  all  sizes  from  40  to  000  tons,  and  their  experience  of  such  floors,  com- 
bined with  that  of  other  builders  who  have  used  them,  points  to  the  conclusion  that  such  a 
form  of  floor  construction  is  one  that  can  be  followed  with  advantage.  The  lead  floors  of 
Messrs.  Harvey  andPryer  are  equally  satisfactory,  but  are  not  so  likely  to  be  generally  used, 
on  account  of  their  costliness. 

Another  form  of  floor  construction  (seeFig.  1)  has  come  much  into  use  of  late,  and  although 
"  floors,"  as  generally  understood,  are  entirely  dispensed  with,  the  construction  has  many 
advantages,  and  is  wholly  unobjectionable  if  properly  planned.    A  main  keel  (ri)  is  laid  down, 


Fig  1.  Fig.  2. 


and  upon  this  another  keel  (c),  called  also  a  kelson,  and  hogging  piece,  is  worked  ;  the  heels  of 
the  frames  (a)  are  brought  down  to  the  sides  of  these  keels,  and  step-butted  into  a  joggle  or  into 
a  stepping  line.  Inside  on  the  backs  of  the  frames  a  wrought-iron  knee-floor  («)  is  fitted,  and 
fastened  through  the  frame  and  plank  {b),  and  through  the  kelson  and  keel.  Sometimes  these 
iron  knees,  especially  in  small  yachts,  are  fitted  to  the  sides  of  the  frames,  and  if  iron  fasten- 
ings are  used  in  their  arms  it  is  best  that  they  should  be  so  fitted,  on  account  of  the  copper 
sheathing.  Sometimes,  liowever,  the  fastenings  are  not  driven  through  the  plank,  but 
clinched  on  a  ring  on  the  face  of  the  frames  ;  this  plan  may  secure  the  iron  belts  from  attack 
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by  the  copper,  but  it  is  objectionable  on  account  of  the  difficulty  of  removing  the  iron  knee- 
floor  without  disturbing  the  plank.  It  will  be  found  necessary  to  occasionally  remove  these 
knee-floors  in  consequence  of  the  action  of  the  lead  ballast,  of  which  nearly  all  yachts  now 
carry  a  portion.  A  short  time  since,  on  examining  two  yachts  which  had  not  had  their 
ballast  out  for  five  or  six  years,  it  was  found  that  many  of  the  wrought-iron  knees  were 
decayed  by  the  continual  action  of  the  lead,  and  there  is  no  doubt  that  in  cases  where  the 
lead  and  iron  come  in  contact  under  the  influence  of  salt  water,  they  should  very 
frequently  be  examined.  The  metal  bolts  that  are  used  for  fastening  the  iron  floors  appear 
to  have  but  little  deleterious  eSect  on  the  iron,  and  so  far  as  present  experience  goes  are 
preferable  to  iron  bolts. 

I  have  said  that  this  form  of  floor  construction  is  an  advantageous  one  if  properly 
planned  ;  but  it  is  not  always  properly  planned,  and  then  nothing  can  be  said  in  its  favour, 
as  it  becomes  dangerous.  A  construction  to  all  appearance  exactly  the  same  as  the  other 
has  been  resorted  to,  and  indeed  the  only  difi'erence  is,  that  the  heels  of  the  frames  are  not 
butted  into  the  side  of  the  keel.  The  fastenings  are,  generally,  exactly  similar  in  arrangement, 
but  often  only  a  couple  of  iron  spikes  are  used  to  connect  the  heel  of  the  timber  to  the  side 
of  the  keel.  Several  large  yachts  have  been  constructed  on  this  careless  plan,  the  builder 
trusting  to  the  strength  of  the  fastenings  through  the  heels  of  the  frames,  to  the  iron  knee 
floors,  and  to  the  garboard  and  the  plank  to  prevent  the  keel  going  up  through  the  bottom  of 
the  yacht  in  case  she  got  ashore  or  was  laid  ashore. 

No  harm  came  of  this  plan  until  two  years  ago,  when  a  vessel  weighing  about  120  tons 
ran  ashore  on  some  rocks.  The  garboards  were  split  and  crushed  out  of  the  rabbets  of  the 
keel,  and  had  not  the  water  been  smooth  there  is  not  much  doubt  that  the  keel  would  have 
been  thrust  up  through  the  bottom,  as  the  iron  knee  floors  would  not  have  prevented  it.  As 
a  proof  of  the  kind  of  bumping  a  yacht  with  a  properly  constructed  floor  will  stand,  I  may 
mention  that  two  years  ago  a  yacht  weighing  about  150  tons,  fitted  with  the  lead  floors  and 
kelson  of  Messrs.  Harvey  &  Pryer  previously  described,  struck  on  the  submerged  extremity 
of  the  Needles  rocks  in  a  strong  wind,  when  she  was  going  about  knots.  The  sea 
lifted  her  and  she  struck  a  second  time,  and  the  next  sea  carried  her  over.  The  shock  was 
so  great  that  a  piece  of  the  outside  lead  keel  as  large  as  one's  head  was  crushed  out,  and 
the  bolts  of  the  cheeks  of  the  mast  were  broken ;  but  the  hull  was  in  no  way  injured. 
There  was  a  slight  wrinkling  of  the  copper  extending  over  a  radius  of  5  feet  and  2  feet 
immediately  about  the  two  places  where  the  keel  struck,  but  none  of  the  plank  shifted  nor 
was  there  any  leakage.  Of  course  a  yacht  with  such  a  bad  plan  of  floor  construction  as  I 
have  just  described  would  not  be  admitted  to  a  class  by  Lloyd's  in  the  Yacht  Eegister,  and 
I  only  called  attention  to  the  fact  that  such  yachts  have  been  built  in  order  to  show  the 
need  of  rules  and  surveys  whilst  building. 

The  longitudinal  strength  of  yachts  has  up  to  within  the  last  two  or  three  years  not 
generally  been  much  considered  ;  and  even  at  the  present  time  yachts  of  considerable 
tonnage  are  built  without  even  an  internal  bilge  strake  running  along  the  heads  and  heels 
of  the  timbers.    These  vessels  are  necessarily  weak,  and  show  their  weakness  very  plainly 
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by  wrinkled  copper  in  the  way  of  the  hilge,  and  by  making  water  in  a  seaway.  Frequently 
when  hilge  stringers  are  worked  they  are  of  some  unsuitable  wood,  such  as  pitch  pine,  or 
American  elm  ;  and  further,  these  are  only  imperfectly  through  fastened,  not  at  all  corre- 
sponding to  the  necessary  fastenings  required  by  Lloyd's.  In  fact,  one  of  the  most  common 
defects  of  yacht  building  is  a  deficiency  of  through  fastenings,  often  none  being  found 
excepting  at  the  butts.  The  through  fastenings,  such  as  they  are,  are  generally  of  yellow 
metal,  and  the  only  fault  is  that  their  number  is  so  few. 

There  is  no  doubt  that  yacht  racing,  as  before  indicated,  is  largely  responsible  for 
weakly  constructed  vessels ;  the  plank  is  a  little  thinner  than  it  ought  to  be,  the  top 
timbers  are  smaller,  the  general  spacing  of  the  timbers  is  too  great,  and  the  through 
fastenings  are  not  as  frequent  as  they  should  be  ;  everything,  in  fact,  consistent  Avith  the 
vessel  hanging  together  without  docking  for  repairs  for  a  year  or  two,  is  sacrificed  to  save  a 
ton  or  so  of  weight.  So  important  is  this  considered  for  success  in  competitive  sailing  that 
five  years  ago  Mr.  John  Harvey  introduced  a  most  elaborate  plan  of  double  skin  construction 
worked  over  alternate  sizes  of  timbers.  By  this  plan  he  saved  as  much  as  25  per  cent,  in 
the  amount  of  material  used  in  constructing  the  hull ;  and  as  the  plan  has  now  been 
satisfactorily  tested  in  a  number  of  vessels,  and  has  been  given  a  fourteen  years"  class  in  the 
"  Yacht  Register,"  it  can  be  assumed  that  this  plan  is  approved. 

When  an  old  yacht  comes  up  to  be  classed,  it  is  generally  found  that  her  frame  and 
plank  are  sound,  and  of  sufficient  siding  and  moulding,  even  if  the  frames  are  spaced  a 
little  too  widely ;  and  it  is  further  found  that  she  has  been  put  together  with  some  regard  to 
appropriate  shifts  of  butts  ;  but  she  generally  exhibits  a  weakness  in  the  matter  of  through 
fastenings,  and  under  any  unusual  strain,  such  as  would  result  from  encountering  a  gale  of 
wind  of  a  day  or  two's  duration,  she  would  assuredly  have  made  such  weakness  very 
patent.  In  making  surveys  for  the  classification  of  old  vessels,  Lloyd's  surveyors  scan  the 
fastenings  very  closely,  and  as  a  rule  it  is  found  that  yachts  built  during  the  last  decade,  if 
additionally  fastened,  are  otherwise  eligible  for  a  high  class. 

As  arule  the  shelf,  clamp,  beams,  and  frames  are  properly  fitted  (see  Fig.2);*  but  frequently 
the  through  fastenings  are  insufficient  in  the  shelf  and  clamp,  where  it  is  so  necessary  that  the 
diff'erent  parts  of  the  structure  should  be  securely  bound  together ;  sometimes,  too,  in  yachts 
of  forty  tons  and  under  no  shelf,  such  as  could  be  termed  so,  is  fitted — nothing  but  a  clamp 
a  little  thicker  than  the  thickness  of  the  plank.  Such  constructions  are  not  very  creditable 
to  those  who  plan  them,  and  would  not  be  countenanced  by  a  thorough  shipwright.  Happily 
these  yachts  are  few  and  far  between,  and  the  influence  of  the  *'  Yacht  Register  "  will  no 
doubt  cause  their  disappearance  altogether. 

Before  closing  this  paper  I  should  like  to  call  attention  to  two  matters  contained  in 
the  rules  in  the  "  Yacht  Register."  The  first  of  these  relate  to  the  length  of  scarphs 
allowed  in  keels.    The  maximum  length  of  scarph  required  is  6  feet  for  a  500  tons  vessel, 

*  a  is  a  frame;  b  a  beam;  c  the  shelf;  d  the  clamp;  the  ceiling ;/ the  plank  ;  7  the  sheer  sti-ake ;  /t  the 
covering  board  ;  i  the  deck  plank  ;  j  a  bulwark  stanchion  ;  k  through  bolts  ;  I  dowell  ;  m  through  bolt  ;  n  iron 
hanging  knee  ;  in  the  small  sketch  0  is  a  filling  piece  worked  between  the  beams  to  receive  the  fasteuiogs  of  the 
covering  board  ;  the  filling  piece  0  is  bolted  to  the  shelf. 


252 


LLOYD'S  YACHT  EEGISTER. 


and  3  feet  8  inches  for  one  of  15  tons.  For  a  yacht  of  100  tons  the  scarph  must  be  4  feet 
6  inches.  Now,  I  beheve  that  either  of  these  scarphs  are  shorter  than  any  of  the  builders 
would  work  to,  on  account  of  the  great  moulded  depth  of  the  keels,  and  I  am  sure  that  when 
a  scarph  is  necessary  in  the  keel  of  a  fifteen  tonner,  which  is  not  often,  that  it  is  not  less 
than  5  feet  long.  The  other  matter  to  which  I  referred  relates  to  the  use  of  treenails  :  in 
the  rules  contained  in  the  "  Yacht  Register,"  it  very  clearly  points  out  how  treenails  can 
be  used,  and  how  the  using  of  them  will  affect  the  classing  of  a  yacht ;  in  this  respect  the 
rules  are  explicit  and  clear,  as  they  are  in  all  other  respects,  but  the  matter  I  have  some 
doubt  about  is  the  employment  of  |-incli  treenails  in  yachts  of  only  40  tons.  The  timbers 
of  such  a  yacht  would  be  4  inches  squared,  and  many  |-incli  treenails  through  such  a  frame 
would  very  considerably  weaken  it ;  and  further,  the  size  of  treenail  is  disproportionate  to 
the  size  set  down  for  a  yacht  of  100  tons,  which  has  a  frame  6  inches  squared,  and  1  inch 
treenail.  I  am  inclined  to  think  that  the  use  of  tree-nails  should  cease  at  60  tons,  and  a 
5  inch  frame  ;  and  I  believe  that  as  a  rule  they  are  not  used  by  builders  in  yachts  whose 
frames  are  smaller  than  5  inch  sided. 

I  think  it  will  be  agreed  that  there  existed  a  sufficient  need  to  justify  the  pro- 
posal to  establish  a  society  for  the  supervision  of  yacht  building  ;  and  if  that  society  was 
not  established  it  was  only  because  Lloyd's  came  forward  with  a  still  better  scheme, 
ready  prepared  and  in  immediate  working  order;  and  further,  Lloyd's  committee,  from 
their  largo  experience  of  composite  and  wood  vessels,  were  able  to  supplement  the  rules 
with  appropriate  schemes  for  composite  and  iron  yachts.  In  this  respect  "Lloyd's  Yacht 
Register "  will  be  found  of  most  important  service,  as,  whilst  many  composite  and  iron 
yachts  were  built  of  undoubted  strength  and  durability,  quite  as  many  were  weakly  built  and 
of  very  inferior  material. 


ON  SIR  W.  THOMSON'S  NAVIGATIONAL  SOUNDING  MACHINE. 


By  P.  M.  Swan,  Esq.,  Member. 

[Read  at  the  Twentieth  Session  of  the  Institution  of  Naval  Architects,  5th  April,  1879,  the  Right  Hon. 
Lord  Hampton,  G.C.B.,  D.C.L.,  President,  in  the  Chair.] 


The  utility  of  soundings  in  practical  navigation  cannot  be  denied  ;  yet  liow  often  do 
navigators  let  hours  go  by  without  obtaining  soundings,  either  because  of  the  delay 
occasioned  by  the  imperfect  means  at  their  command,  or  on  account  of  the  danger  of 
rounding-to  in  heavy  weather. 


Sir  William  Thomson,  by  his  admirable  invention,  has  put  into 
the  hands  of  the  navigator  the  means  of  obtaining  accurate  soundings 
from  a  ship  running  at  full  speed  in  water  of  any  depth  not  exceeding 
100  fathoms.  The  apparatus  by  which  this  is  performed  consists  of  a 
light  drum  1  ft.  in  diameter,  on  which  are  coiled  300  fathoms  of  steel 
•wire,  weighing  in  air  about  1^  lbs.  per  100  fathoms,  and  capable  of 
bearing  when  fresh  from  230  lbs.  to  240  lbs.  without  breaking.  To  the 
lower  end  of  the  wire  is  attached  a  cod-line  9  ft.  long,  to  which  the 
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sinker  is  m^de  fast.  A  brass  tube,  a  little  over  2  ft.  long,  open  at  its  lower  end,  and 
having  a  moveable  cap  at  its  upper  end,  is  lashed  to  the  cod-line.  A  glass  tube,  2  ft. 
long  and  iVth  of  an  inch  in  diameter,  coated  inside  with  chromate  of  silver,  and 
closed  at  one  end  and  open  at  the  other,  is  placed  with  its  open  end  down  within  the  brass 
tube.  A  cord  wound  round  the  circumference  of  the  drum  is  so  arranged  as  to  form  a  self- 
acting  brake,  which  when  the  sinker  is  hanging  over  the  stern  offers  enough  of  resistance 
to  prevent  it  from  running  down,  but  when  it  is  being  hauled  in  offers  very  little  resistance 
to  the  turning  of  the  drum. 

When  a  sounding  is  to  be  taken,  the  brake  is  released  by  the  hand,  so  as  to  leave  a 
force  of  about  7  lbs.  pulling  on  the  cord,  by  which  a  resistance  of  about  5  lbs.  is  opposed  to 
the  wire  running  out.  When  the  sinker  reaches  the  bottom  the  drum  suddenly  stops.  The 
brake  is  then  applied  to  prevent  any  more  wire  running  out.  The  handles,  which  while  the 
sinker  was  descending  allowed  the  drum  to  revolve  without  being  carried  with  it,  are  now 
shipped.    The  counter  is  read,  and  the  process  of  hauling  in  is  commenced. 

When  the  glass  tube  is  brought  on  board  again,  it  is  found  that  the  chromate  of  silver 
has  been  decomposed  by  the  action  of  the  sea- water  as  far  up  as  the  water  within  the  tube 
has  been  forced.  This  shows  on  a  properly  graduated  scale  the  depth  to  which  the  tube  has 
descended. 

To  prevent  any  error  arising  from  the  difference  of  the  temperature  of  the  air  and  the 
sea  into  which  the  glass  tube  is  immersed,  the  case  in  which  the  tubes  are  kept  has  double 
sides,  so  that  the  space  between  may  be  filled  up  with  sea-water,  thus  allowing  them  to  be 
kept  at  the  same  temperature  as  the  sea. 

In  using  this  machine  for  sounding  there  are  two  things  to  be  observed  : — 

1 .  Not  to  let  the  wire  kink. 

2.  Not  to  let  the  wire  rust. 

The  proper  use  of  the  brake  prevents  kinking,  and  a  tub  with  lime-water  prevents  rusting. 
To  show  how  durable  the  wire  is,  I  may  mention  that  in  one  mail  steamer  the  same 
piece  of  wire  has  been  in  use  for  nearly  two  years  without  a  single  sinker  having  been  lost. 
This  apparatus  is  now  largely  used  in  the  merchant  service. 

Referring  to  it,  Captain  Thomson,  of  the  White  Star  steamer  Britannic,  says :  "  I  have 
repeatedly  sounded  while  crossing  the  *  Banks,'  going  at  the  rate  of  16  miles  per  hour,  two 
hands  being  only  required  to  heave  in  the  line." 

Captain  Emdelle,  of  the  Transatlantique  steamer  La  France,  says  :  "  I  have  been  able  to 
make,- during  a  violent  gale  of  wind,  exact  soundings,  easily  obtained,  and  at  a  time  when 
the  use  of  any  other  methods  would  not  have  given  me  results  in  which  I  could  have  placed 
much  trust." 

Captain  Leighton,  late  of  the  steamer  Palm,  who  first  brought  this  sounding  machine 
into  practical  use,  says  :  "  During  the  voyage  in  the  Palm  steamship,  I  took  frequent 
opportunities  of  testing  the  sounding  machine  when  I  had  a  chance  of  cross  bearings,  to 
verify  the  depths  as  shown  by  chart,  and  always  found  it  most  accurate.  For  instance, 
going  up  the  Archipelago  and  just  after  clearing  the  Zca  Channel,  I  got  a  good  position  by 
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bearings,  chart  showing  79  and  70  fathoms ;  two  casts  of  your  glass  gave  78  and  75  fathoms. 
In  the  Bosphorus  also  it  gave  capital  results  in  30  to  40  fathoms  water.  The  first  real  use 
I  made  of  the  machine  was  in  the  Black  Sea  during  a  fog  which  obscured  everything. 
Wishing  to  make  sure  of  my  position,  I  put  the  ship's  head  for  the  land  and  kept  the 
machine  at  work.  After  running  into  30  fathoms  at  full  speed  I  slowed  down  and  went 
in  to  12  fathoms,  then  hauled  out  to  a  convenient  depth  and  put  her  on  the  course  up  the 
coast.  When  it  became  clear  I  found  myself  in  a  proper  position,  and  no  time  had  been 
lost  by  stopping  to  sound." 

The  following  letter  appeared  in  one  of  the  Glasgow  daily  papers  of  date  November 
29th,  1877  :— 

"  SiK, — Having  noticed  about  two  months  ago  a  letter  in  your  paper  containing  some 
disparaging  remarks  on  Sir  William  Thomson's  sounding  machine,  will  you  allow  me  space 
to  give  a  sailor's  experience  of  it.  On  the  22nd  instant,  while  scudding  before  a  heavy 
westerly  gale  in  a  mineral-loaded  steamer  about  forty  miles  S.AV.  of  Scilly,  I  obtained 
accurate  soundings  at  noon  with  Sir  William's  machine,  which  indicated  72  fathoms,  fine 
sand,  the  ship  going  about  8^  knots.  This  I  verified  by  sighting  Scilly  at  5  p.m.  The 
soundings  were  taken  by  myself,  with  the  assistance  of  the  steward  and  carpenter,  the  sinker 
and  tube  being  hove  in  by  the  two  last-named  without  trouble,  although  the  spray  was  flying 
heavily  over  the  tatfrail.  Now,  Sir,  I  venture  to  say,  with  no  other  apparatus  could  the 
soundings  have  been  obtained  with  so  few  hands,  and  so  little  risk  of  being  washed  away 
from  the  winding  gear.  I  have  had  the  sounding  machine  on  board  for  the  last  six  months, 
but  have  refrained  from  giving  an  opinion  till  I  had  tested  it,  as  on  this  occasion,  in 
exceedingly  bad  weather. — I  am,  &c.  A  Makiner  for  Forty  Years." 

On  the  chart  of  the  English  Channel  on  the  wall  is  shown  the  track  of  the  Lalla 
i?oo^f/i,  a  schooner  yacht  of  126  tons,  when  running  before  a  S.W.  gale  in  thick  weather. 
Eeferring  to  it  Sir  W.  Thomson  writes  : — 

"  About  5  a.m.  on  the  6th  (August,  1877),  I  took  two  casts,  and  found  98  fathoms  (sand 
and  red  spots),  and  101  fathoms  (sand  and  small  shells).  The  mean,  with  a  correction  of  2^ 
fathoms  to  reduce  to  low  water,  according  to  the  state  of  the  tide  at  Ushant  at  the  time,  was 
97  fathoms.  Thenceforward  I  took  a  sounding  every  hour  till  eight  in  the  evening.  By 
writing  these  soundings  on  the  edge  of  a  piece  of  paper  at  distances  equal,  according  to  the 
scale  of  the  chart,  to  the  distances  run  in  the  intervals,  with  the  edge  of  the  paper  always 
parallel  to  the  course,  according  to  the  method  of  Sir  James  Anderson  and  Captain 
Moriarty,  I  had  fixed  accurately  the  line  along  which  the  vessel  had  sailed,  and  the  point  of 
it  which  had  been  reached  with  only  a  verification  by  a  noon  latitude.  At  six  o'clock  next 
morning  by  the  soundings  and  course,  with  a  proper  allowance  for  the  flood  tide,  I  must 
have  been  about  13  miles  magnetic  south  of  the  Start,  but  nothing  of  the  land  was  to  be  seen 
through  the  haze  and  rain ;  and  with  the  assistance  of  about  10  more  casts  of  the  lead  (by 
which  I  was  saved  from  passing  south  of  St.  Catherine's)  I  made  the  Needles  Lighthouse 
right  ahead  at  a  distance  of  about  3  miles  at  2  p.m.,  having  just  had  a  glimpse  of  the  high 
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cliffs  east  of  Portland,  but  no  other  sight  of  land  since  leaving  Madeira  and  Porto  Santo. 
In  the  course  of  the  280  miles  from  the  point  where  I  struck  the  100  fathom  line,  to  the 
Needles,  I  took  about  30  casts  in  depths  of  from  100  fathoms  to  19  fathoms  without  once 
rounding  to  or  reducing  speed;  during  some  of  the  casts  the  speed  was  10  knots,  and  the 
average  rate  of  the  last  220  miles  was  a  little  over  9  knots." 

The  other  chart  shows  the  track  of  the  S.S.  British  Empire,  while  on  a  voyage  from 
Liverpool  to  Philadelphia  ;  unfortunately  it  is  not  the  original  chart,  as  that  has  been  returned 
to  Captain  Lecky,  who  commanded  the  vessel,  and  who  made  the  very  complete  observations 
you  see  on  the  wall,  from  which  the  track  has  been  laid  down  on  the  chart. 

In  writing  to  Sir  William  Thomson,  Captain  Lecky  says  : — 

"  Until  this  voyage,  I  had  no  good  opportunity  of  putting  the  sounding  machine 
thoroughly  through  its  facings,  but  approaching  the  American  coast  during  foggy  weather 
gave  me  this  time  the  chance  I  was  seeking.  Coming  down  inside  Sable  Island,  we  carried 
a  continuous  line  of  soundings  465  miles^  without  once  slowing  the  vessel  for  this  purpose. 
In  all  we  took  27  casts,  or  an  average  of  one  every  17  miles.  On  the  chart  which  accom- 
panies this  letter,  you  will  find  plotted  the  position  of  the  ship  at  every  cast,  and  I  can  only 
say  that  after  the  above  long  run  without  sights,  we  made  Absecom  Light  some  seven 
minutes  before  the  hour  we  stated  to  the  passengers  we  should  see  it.  It  must  be  admitted 
that  you  have  s]jcceeded  in  reducing  to  the  simplest  possible  operation  what  used  to  be  a 
very  serious  and  troublesome  job.  I  think  our  passengers  took  as  much  pleasure  in  the 
working  of  the  sounding  machine  as  we  did,  for  in  the  daytime  they  would  crowd  round  to 
witness  the  casts  being  taken,  and  great  was  their  astonishment  to  see  the  whole  thing  done 
by  two  sailors  and  a  quarter-master,  with  an  officer  standing  by." 

Before  concluding  this  paper  I  would  point  out,  that  one  sounding  by  itself  is  of  com- 
paratively little  use  in  practical  navigation  ;  a  series  of  soundings  is  almost  always  necessary 
to  determine  a  vessel  s  position.  With  the  ordinary  sounding  apparatus,  to  take  a  series  of 
soundings  such  as  those  taken  by  Captain  Lecky  would  involve  an  actual  loss  of  time  of  about 
4^  hours,  allowing  the  very  moderate  estimate  of  10  minutes  for  each  sounding ;  this  becomes 
a  serious  matter  in  a  run  of  30  hours.  There  is,  besides,  the  chance  of  the  vessel  drifting 
out  of  her  position  while  the  sounding  is  being  taken. 


[Table. 


! 


ON  SIR  W.  THOMSON'S  NAVIGATIONAL  SOUNDING  MACHINE. 


257 


TABLE  OF  SOUNDINGS.-S.S.  "BRITISH  EMPIRE,"  CAPTAIN  LECKY, 


Date. 

Hour. 

Countci- 

P.M. 

fins. 

0  Nov.  17, 1878 

G.7 

118 

7 

105 

„  „ 

8 

105 

»  ,> 

10 

70 

,.  )> 

Midnight 

67 

A.M. 

5  Nov.  18, 1878 

2 

57 

4 

78 

6 

56 

8 

76 

10 

102 

11.30 

155 

Noon 

153 

Noon  to 

dy.'stime 

152 

P.M. 

0.40 

12t 

1.40 

100 

4 

98 

4.15 

96 

.,  » 

4.25 

97 

))  )) 

4.33 

97 

4.43 

105 

))  )) 

4.52 

115 

))  J> 

6 

77 

J)  J) 

8 

66 

10 

40 

11 

48 

n  )> 

Midnight 

37 

A.M. 

<?  Nov.  19, 1878 

1 

ratont 
Log. 

Wind 
and  Weather. 

miles. 

— 

N.E.,  Light. 

ditto. 

106i 

N.E.,  Moderate. 

— 

E.,  Light. 

160 

/  TOT 

1  ii.b.L., 
[  Moderate. 

— 

S.E.,  Moderate. 

211 

f  E.S.E., 
((^  Moderate. 

— 

ditto. 

264 

ditto. 

— 

E.S.E.,  Fresh, 
ditto. 

— 

E.S.E.,  Light. 

317 

Calm,  thick  Fog. 

— 

ditto. 

S.W.,  Light. 

48 

W.  by  N.,  Light. 

— 

W.N.W.,  Light. 

— 
— 

ditto  Moderate, 
ditto  Light. 

ditto  ditto. 

ditto  ditto. 

ditto  Fresh. 

95 

ditto  &  Clear. 

ditto  ditto. 

ditto  ditto. 

143i 

ditto  dine. 

153 

ditto  ditto. 

Scale 
Koiul- 


fins. 
50 

46 

45 

33 

31i 

28 

31 

27 

32 

46 

63i 

65 

66 

61 

46 

50 

50 

49i 

49 

47 

48^ 

37i 

37 

23| 

28 

20 

m 


Barometer, 
Air  !iud  Water. 


/  30" 

\  41"- 

J  30"- 

I  48°- 

r  30"' 

I  48°- 

J  30"- 

I  50°- 

f  30"' 

I  50°- 

J  30"- 

I  52°- 

;  30"' 

L  52°- 

f  30"- 

1  55°- 

f  29"- 

I  56°- 

r  29"- 

I  57°- 

;  29"- 

I  56°- 

r  29"- 

I  56°- 

r  29"- 

1  56°- 

/  29"- 

I  56°- 

»  29"- 

I  55°- 

f  29" 

[  55°- 

29"-75 


■25 
48° 
24 
49° 
25 
50° 
25 
52° 
21 
52° 
15 
54° 
09 
54° 
02 
52° 
99 
54° 
90 
55° 
85 
54° 
82 
54° 
80 
54° 
80 
54° 
80 
55° 
■75 
55° 


ditto 
ditto 
ditto 
ditto 


/  29"' 

t  52°- 

/  29" 

1  50°- 

/  29" 

I  50°- 

(  29" 

i  51°- 

f  29" 

i  52°- 

(  29" 

[  51°- 


75  -I 

56°  ; 

85  1 

54°  J 

85  \ 

54°  J 

85  \ 

55°  ] 

87  •) 

56°  j 

■85  \ 

56°  > 


Correc- 
tion. 

Actual 
Depth. 

Nature  of  the 
Bottom. 

Latitude. 

Longitude. 

fms. 

fms. 

2 

52 

G.  S. 

41° 

35 

66° 

23' 

2 

48 

ditto 

41° 

29i' 

66° 

38' 

2 

47 

Bkn.  Sh.  G.S. 

41° 

24' 

66° 

52-i' 

H 

34^ 

G.  S. 

41° 

12' 

67° 

24]' 

32i 

F.  G.  S. 

40° 

59i' 

67° 

56' 

1 

29 
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40° 

50' 

68° 

27i' 

1 

32 

(  F.  G.S.  &") 

[  Red  Spks  j 
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40' 
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1 

28 

G.  S. 

40° 

30^' 

69° 

32' 

1 

33 

R. 

40° 

21V 

70° 

4' 

11 
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G.  S. 

40° 

12|' 

70° 

37' 

li 

61J 

Light  Grn.  M. 

40° 

6  ' 

71° 

1' 

1^ 

66h 

G.  S. 

4.0° 

44-' 

71° 

8i' 

u 
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40° 

2r 

71° 

16i' 

Light  Grn.  0. 

40° 

or 

71° 

23J' 

H 

m 

F.  G.  S. 

39° 

56' 

71° 

36^ 

C  G.  S.  and  "J 

H 
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<  ooze  with  > 

39° 

48i' 

72° 

2i' 

n 

51i 

(Gn.Spks.) 
G.  S.  &  P.  Gr. 

39° 

47' 

72° 

5' 

n 

51 

ditto 

39° 
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72° 

n' 

li 
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F.  brown  S. 
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45i' 
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It 

48 
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39° 

44f' 
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li 

50 

<    S. and 
[Brkn.Sh.  ) 

39° 

44' 

72° 

14|' 

1 

38i 

Yellow  Sand 

39° 

39i' 

72° 

29i' 

1 

38 

ditto 

39° 

33' 

72° 

51' 

24 

/  Sd.  with") 
\  Blk.  Spks  ] 

39° 

25' 

73° 

18i' 

i 
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Not  examined 

39° 
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73° 

3ir 

i 

m 

Not  armed 

39° 

17i' 

73° 

45' 

18 

ditto 

39° 

13/ 

73° 

58' 

K  K 


258 


ON  SIE  W.  THOMSON'S  NAVIGATIONAL  SOUNDING  MACHINE. 


DISCUSSION. 

Mr,  C.  W.  Meerifield,  F.E.S.  :  My  Lord,  it  has  been  the  practice  of  this  Institution  for  some 
years  to  encourage  bringing  forward,  and  it  has  generally  devoted  part  of  Saturday  to  that  purpose, 
inventions  not  bearing  directly  on  the  principles  of  naval  construction,  or  marine  engineering,  but  in- 
ventions and  devices  which  are  considered  to  be  of  general  interest  to  shipbuilders  and  shipowners. 
With  that  view  I  asked  Mr.  Swan  to  be  kind  enough  to  explain  what  I  thought  would  be  a  matter  of  great 
interest  to  many  persons  connected  with  the  Institution — Sir  William  Thomson's  sounding  apparatus, 
and  at  the  same  time  to  give  us  a  few  of  the  actual  useful  results  of  it,  which  would  be  of  advantage 
to  us.  I  hope  I  shall  be  expressing  the  feelings  of  the  meeting  generally  in  tendering  my  thanks  for 
the  kind  way  in  which  he  has  brought  it  forward,  and  for  the  useful  information  he  has  given  us. 

The  President  :  No  doubt  the  meeting  generally  will  concur  in  the  feeling  which  has  just  been 
expressed  by  Mr.  Merrifield. 

Admiral  Selwyn  :  My  Lord,  on  behalf  of  the  Navy  I  desire  to  say  how  much  we  value  the 
additional  power  thus  given  to  us.  Dr.  Siemens  had  given  us  previously  an  instrument  belonging  to 
the  highest  class  of  inventive  genius  which  gave  us  the  deep-sea  soundings,  that  is  to  say,  soundings 
at  the  greatest  depths  with  quite  sufficient  accuracy  for  all  purposes,  without  a  sounding  line,  but  he 
did  not  profess  to  give  us  anything  nearer  than  an  error  of  one-tenth  of  the  actual  depth  ;  but  now 
Sir  William  Thomson  steps  forward  and  gives  to  seamen  the  other  desideratum,  which  is,  to  be 
enabled  at  whatever  speed  the  vessel  is  running,  to  take  soundings  accurately,  and  to  do  this 
when  the  vessel  cannot  stop — because  the  competition  in  speed,  having  regard  to  the  profits, 
does  not  permit  them  to  do  so,  although  they  may  know  that  they  are  running  into  dangerous 
positions,  because  if  they  were  to  stop,  the  profits  of  their  voyage,  and  the  results  to  the  com- 
panies they  represent,  would  be  very  much  imperilled.  Any  instrument,  therefore,  which  enables  us 
to  get  soundings  at  all  times  without  stopping  the  ship,  is  one  which  ought  to  possess  not  only  great 
interest  to  the  public  who  travel  by  sea,  but  also,  I  think,  is  one  of  very  great  interest  to  those  ship- 
builders who  feel  like  parents  generally  towards  the  structures  they  have  originated,  and  who  are 
very  glad  indeed  to  be  able  to  point  to  a  ship  which  has  run  for  many  years  without  an  accident. 
We,  on  the  other  hand,  look  at  it  as  a  question  of  saving  life,  and  enabling  us  to  pursue  our  voyage 
under  comparatively  safe  conditions.  The  soundings  in  running  across  the  Atlantic  are  particularly 
liable  to  this  difficulty — or  rather  they  have  been  so  hitherto — and  that  afi'ects  one  of  the  greatest, 
if  not  the  greatest,  passenger  carrying  trades.  Now,  ships  may  pursue  their  way  with  perfect 
confidence  in  the  heaviest  fogs,  as  far  as  shoals  are  concerned,  and  it  can  only  be  by  the  gross 
neglect  alid  incompetence  of  the  persons  in  charge  of  the  ship,  if  she  ever  runs  on  a  reef  without 
their  knowing  that  they  are  approaching  land. 

Mr.  Henry  Liggins  :  My  Lord,  many  ships  within  my  recollection,  and  many  lives  within  my 
knowledge,  would  have  been  saved,  if  this  valuable  aj)paratus  had  been  placed  on  board.  In  sailing 
ships,  particularly  in  small  ones,  there  is  a  great  deal  of  difficulty  in  heaving  to  in  bad  weather  to 
take  soundings,  and  it  is  a  matter  which  is  avoided  by  captains,  because  they  do  not  like  to  give 
harassing  work  to  their  crews.  This  is  a  wise  invention  as  well  as  a  practical  one,  and  of  the 
highest  value  to  shipping  generally,  and  the  merchant  service  in  particixlar. 

The  President  :  I  believe  now  there  is  one  more  paper  remaining,  but  I  doubt  whether  we  shall 
have  anything  of  much  more  real  practical  interest  than  this  invention  to  enable  ships  to  take  soundings 
while  in  rapid  motion,  which  certainly  does  appear  to  me  to  be  a  valuable  addition  to  our 
knowledge  and  experience  in  these  matters. 


ON  THE  OSCILLOMETER :  AN  INSTRUMENT  FOR  MEASURING  THE  ANGLE  THROUGH 

WHICH  A  SHIP  ROLLS  OR  PITCHES  AT  SEA. 

By  R.  Clarke,  Esq. 

[Read  at  the  Twentieth  Session  of  the  Institution  of  Naval  Architects,  5th  April,  1879,  the  Right  Hon. 
Lord  Hampton,  G.C.B.,  D.C.L.,  President,  in  the  Chair.] 


It  is  an  ascertained  fact  that  for  the  purpose  under  notice,  instruments  depending  upon  the 
principles  of  gravity  and  inertia  are  liable  to  considerable  error. 

The  most  approved  method  hitherto  in  use  is  that  of  fixing  a  batten  to  the  ship's  side, 
and  noting  its  deflection  below  a  line  drawn  from  the  observer's  eye  to  the  horizon  (see 
Engineering,  December  14th,  1877),  a  method  v/hich  the  instrument  now  brought  forward 
is  intended  to  supplant,  as  it  will  not  only  be  more  convenient  to  use,  but  the  observations 
will  be  more  correct. 

Desceiption  of  the  Instkument. 

In  the  Figure  A,  is  a  telescope  with  cross  webs  fixed  in  its  optical  centre,  similar 
to  the  telescope  of  a  theodolite  ;  B  is  a  vertical  limb,  graduated,  and  reading  right  and  left  to 

a  distance  of  45°  on  either  side  of  the  zero  point  and 
subdivided  to  30';  C  is  a  vernier,  graduated  to  read 
to  30".  The  outer  edge  of  the  vertical  limb  B  is 
toothed  and  geared  into  a  pinion,  D,  the  latter  being 
made  to  revolve  by  a  milled  head  on  the  end  of 
its  axle ;  an  arrangement  wdiich  gives  steadiness  of 
motion  to  the  telescope,  E  is  a  socket  enclosing 
a  vertical  spindle  upon  which  the  instrument  re- 
volves horizontally ;  and  F  is  a  socket  for  securing 
the  instrument  on  to  the  stand  when  in  use. 

The  stand  may  be  a  pillar  of  any  simple  form  in 
..  |-j  ,  ^  ■  which  the  two  requisites  of  steadiness  and  stiffness 
\^<=^  are  combined,  either  fixed  permanently  or  made  to 
]  If  screw  into  a  permanently  fixed  socket  placed  in  any 
convenient  position,  upon  the  fore  and  aft  centre  line  of  the  ship  ;  in  either  case  the 
exposed  screw  should  be  covered  with  a  cap. 
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Adjustment. — Two  marks,  similar  to  tlie  zero  lines  of  the  limb  and  vernier,  are  placed 
one  upon  the  frame  of  the  instrument,  the  other  upon  the  vertical  limb  in  such  a  position 
that,  when  brought  to  coincide,  the  vertical  and  optical  axes  of  the  instrument  shall  be  at  right 
angles  to  each  other ;  when  these  two  marks  have  been  so  brought  to  coincide,  the  arm  </, 
which  is  firmly  secured  to  the  arm  of  the  vernier,  should  be  adjusted  by  means  of  the  capstan- 
headed  screw  h  and  the  milled-headed  screw  i,  until  the  reading  of  the  vernier  to  the  left  of 
the  zero  point  shall  coincide  with  the  angle  of  dip  of  the  horizon  (that  adjustment  once 
made  the  capstan-headed  screw  h  should  not  afterwards  be  touched).  The  zeros  on  the 
limb  and  vernier  being  brought  to  coincide,  and  the  instrument  placed  at  the  proper  altitude 
with  its  vertical  axis  perpendicular,  the  optical  axis  will  be  in  a  line  drawn  through  the  centre 
of  the  instrument,  and  produced  to  the  horizon. 

Mode  of  Using. — The  instrument  being  placed  upon  its  stand,  the  telescope  fixed  in  the 
proper  direction  by  the  clamping  screw  I*  and  focused  by  the  milled-headed  screw  k,  the 
line  of  sight  is  kept  directed  to  the  horizon  by  turning  the  pinion  D  until  the  roll  of  the  sliip 
attains  its  maximum,  when  the  angle  is  read  off  by  the  magnifier  m. 

The  instrument  can  be  taken  apart,  and  readily  packed  in  a  small  box,  and  the  following 
table  of  "Dip  of  the  Horizon,"  together  with  instructions  for  adjustment  and  use,  should  be 
printed  on  a  card  and  placed  in  the  box  along  with  it. 


Apparent  Depression  of  the  Horizon,  from  Chambers  Tables. 


Height  of  Instrument  in 

Dip  in  minntes 

Height  of  Instrument  in 

Dip  in  minutes 

feet  above  sea  level. 

and  seconds 

feet  above  sea  level. 

and  seconds 

Ft. 

Mins. 

Sees. 

Ft. 

Mins. 

Sees. 

10   

....  3 

3 

21   

....  4 

26 

11   

...  3 

12 

22   

....  4 

32 

12   

....  3 

21 

23   

....  4 

39 

13   

....  3 

29 

24   

....  4 

45 

]4   

....  3 

37 

25   

....  4 

51 

15   

....  3 

45 

20   

....  4 

56 

16   

....  3 

52 

27   

5 

2 

17   

....  3 

59 

28   

5 

8 

18  

....  4 

6 

29   

5 

13 

19   

....  4 

13 

30   

....  5 

18 

20   

....  4 

20 

*  This  screw  is  not  shown  in  the  sketch. 
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CONCLUDING  PEOCEEDINGS. 

Mr.  J.  D'Aguilar  S.vmuda,  M.P,  :  My  Lord,  I  rise  at  the  termination  of  the  proceedings  on  behalf 
of  the  meeting  to  express  their  thanks  to  you  for  yonr  kindness  in  presiding  over  us.  (Applause.) 
On  the  present  occasion,  my  Lord,  I  feel  that  the  members  of  this  Institution  have  an  extra  amount  of 
obligation  to  your  Lordship,  and  at  the  same  time  an  extra  amount  of  regret  in  the  foreshadowing 
which  your  Lordship  has  made  us  acquainted  with — your  desire  to  bring  to  a  close  that  most 
agreeable  presidency  which  you  have  for  so  many  years  exercised  over  us.  But  I  do  hope,  in 
expressing  our  deep  gratitude  for  all  that  we  have  received,  that  we  may  yet  have  the  benefit  of  hearing 
from  your  Lordship  some  words  which  will  encourage  us  to  believe  that  this  is  not  the  last  time  that 
we  may  have  that  honour  conferred  upon  us,  and  I  am  quite  sure,  knowing  the  extreme  kindness  that 
your  Lordship  has  always  shown  in  listening  to  everything  that  is  brought  to  your  attention,  and  the 
great  interest  you  have  always  felt  in  the  success  of  this  Institution,  that  the  remonstrance,  if  I  may 
so  call  it,  at  any  rate  the  anxious  desire  of  those  members  who  called  upon  your  Lordship,  and 
begged  you  to  reconsider  in  some  degree  that  step  which  you  expressed  it  was  your  intention  to  take, 
may  receive  at  your  Lordship's  hands  that  amount  of  consideration  which  will  be  a  matter  of  the 
deepest  interest  to  ourselves,  if  it  should  result  in  your  Lordship  continuing  for  some  time  longer  to 
preside  over  us  in  a  manner  that  we  feel  we  have  no  chance  of  being  presided  over  in  the 
future  by  any  successor  of  yoiu-  Lordship.  (Applause.)  I  beg  to  propose  a  vote  of  thanks  to  your 
Lordship. 

Mr.  J.  Scott  Russell,  F.R.S.  :  My  Lord,  it  is  my  privilege  as  an  elder  brother  of  this  family  of 
craftsmen,  who  have  so  long  enjoyed  the  pleasm-e  of  meeting  annually  under  yoiu-  presidency,  to 
say  that  we  are  all  deeply  grateful  for  your  having  presided  over  us  on  this  occasion.  Our  gi'atitude 
extends  back  for  the  twenty  years  in  which  we  have  as  a  young  Institution  prospered  under  your 
direction,  and  benefited  and  matured  by  your  wisdom.  (Applause.)  This  family  of  yours,  my 
Lord,  is  now  of  the  age  of  twenty,  and  we  hope  that  you  will  still  continue  to  be  our  guardian  until 
we  attain  the  maturity  of  twenty-one  years,  at  which  time  we  hope  by  the  wisdom  you  have  taught 
us,  and  the  kindness  you  have  shown  us,  we  may  be  bound  together  in  a  family,  and  be  able  to 
take  care  of  ourselves.  We  shall  do  that,  I  am  sure,  to  the  best  of  our  ability,  but  we  ?hall 
always  remember  you  as  our  kind  and  loving  father.  (Applause.) 

The  President  :  Mr.  Samuda,  Mr.  Scott  Russell,  and  Gentlemen,  this  is  the  twentieth  occasion, 
as  my  friend,  Mr.  Scott  Russell,  has  just  said,  on  which  I  have  had  to  acknowledge  a  very  kind  vote 
of  this  sort  at  the  conclusion  of  our  Annual  Session,  and  I  beg  now  to  thank  you  very  cordially  for  the 
kind  way  in  wdiich  you  have  passed  this  vote,  and  to  thank  my  distinguished  fi'iends,  Mr.  Samuda 
and  Mr.  Scott  Russell,  for  the  terms  in  which  they  have  been  so  kind  as  to  propose  it.  But, 
gentlemen,  Mr.  Samuda  and  Mr.  Scott  Russell  have  both  referred  to  circumstances  which  I  think  make 
it  desirable  that  I  should  not  confine  myself  now  strictly  to  thanking  you  for  the  compliment  that  you 
have  paid  me.  Mr.  Samuda  referred  to  the  fact  that  in  my  opening  address  on  Thm-sday  morning, 
I  took  occasion  to  intimate  the  wish  which  I  have  for  some  time  felt,  that  having  presided  over  this 
Institution  for  twenty  years,  I  should  be  relieved  from  the  duties  of  the  chah-,  and  that  the  presidency 
should  be  turned  over  to  some  other  and  younger  member  of  the  Institution.  This  I  thought  to  be  my 
duty.  I  thought  it  due  from  the  respect  I  feel  for  this  Institution,  and  the  deep  interest  that  I  have 
always  entertained  for  the  objects  which  it  has  in  view,  that  I  should  publicly  intimate  the  wish  I  felt 
to  be  relieved  from  the  presidency.    It  would  hardly  have  been  consistent  with  ruy  feelings  to  have 
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done  otherwise.  But  yesterday,  gentlemen,  I  received,  quite  unexpectedly,  a  deputation  of  four  very 
eminent  members  of  this  Institution,  who  came  to  ask  me  to  reconsider  the  decision  which  I  had 
intimated  on  the  day  before.  They  put  it  to  me  in  the  kindest  way  ;  they  fully  recognised  the  fairness 
of  my  desire  to  be  relieved  from  the  chair,  but  they  requested  that  I  would  reconsider  my  deter- 
mination to  the  extent  of  consenting  to  preside  one  more  year,  and,  of  course,  that  presidency  would 
include  the  Annual  Meeting  of  1880.  This  request  was  supported  by  what  I  could  not  deny  to  be  a 
good  reason.  It  will  be  in  the  recollection  of  all  you  gentlemen  present  that  part  of  our  proceedings 
yesterday  was  to  adopt  a  new  code  of  bye-laws,  which,  in  fact,  amount  to  a  reorganisation  of  this 
Institution,  and  to  an  entirely  new  mode,  and  a  more  popular  and  more  judicious  mode  I  am  willing 
to  believe,  of  electing  our  various  officers  and  those  who  conduct  our  affairs ;  and  my  friends  who  did 
me  the  honour  to  wait  upon  me  yesterday  morning  pressed  upon  me  that  it  would  be  very  desirable 
that  my  Presidency  should  be  co-extensive  with  our  old  system,  and  that  whoever  has  the  high  honour, 
for  so  I  consider  it,  of  succeeding  me  in  this  chair  should  commence  the  new  system.  Gentlemen, 
I  cannot  deny  that  this  was  a  very  reasonable  ground  for  wishing  me  to  postpone,  for  at  least  one 
year,  my  resignation  of  the  office  of  your  President,  and  therefore  I  feel  bound  upon  this  occasion  to 
say  I  am  willing  to  accede  to  that  request.  (Applause.)  I  hope,  provided  my  health  and  strength 
continue  good,  to  once  more  take  the  chair  next  year.  I  need  not  say  any  more  now  than  to  assure 
you  of  the  very  deep  sense  I  entertain  both  of  the  support  I  receive  from  the  members  of  this 
Institution,  and  the  kind  spirit  in  which  that  request  has  been  preferred  to  me  on  this  occasion.  I 
beg  once  more  to  tender  my  sincere  thanks. 

Mr.  C.  W.  Meerifield,  F.R.S.  :  My  Lord,  I  think  I  shall  only  be  expressing  the  feelings  of  this 
meeting  in  saying  that  we  are  extremely  unwilling  to  separate  without  expressing  our  cordial  gratitude 
to  the  President  and  Council  of  the  Society  of  Arts,  and  to  the  Society  itself,  for  the  liberal  manner 
in  which  they  have  on  this,  as  they  have  on  so  many  occasions,  granted  us  the  use  of  this  beautiful 
hall  for  our  meeting.  It  has  been  of  the  greatest  advantage  to  our  Society  in  every  respect,  and  I  feel 
sure  that  the  rest  of  the  Institution  will  join  cordially  with  me  in  expressing  their  thanks  to  the  Society 
of  Arts  for  it. 

Mr.  John  R.  Ravenhill  :  My  Lord,  I  have  been  requested  to  second  the  resolution  which 
Mr.  Merrifield  has  just  brought  under  your  notice,  and  I  beg  most  cordially  to  do  so. 

The  President  :  It  is  with  very  great  pleasure  that  I  put  to  the  meeting  this  proposal.  It 
is  a»  vote  which  I  think  we  are  bound  in  gratitude  and  courtesy  to  adopt.  It  is  a  vote  which  we 
have  adopted  every  year,  and  I  am  sure  you  will  all  join  now  in  cordially  thanking  the  Society 
of  Arts  for  the  liberal  spirit  in  which  they  have  every  year  during  the  whole  period  of  the  existence 
of  this  Institution  placed  the  use  of  this  excellent  hall  at  our  disposal,  well  adapted,  as  you  must 
all  feel  it  is,  to  carry  on  the  business  of  this  Society.  I  need  not  ask  you  for  a  show  of  hands, 
as  everyone,  I  am  sure,  will  join  in  that  vote. 

Carried  by  acclamation. 

Mr.  John  Humphrys  :  My  Lord,  I  have  very  much  pleasure  in  rising  to  move  a  vote  of 
thanks  to  the  Council  of  this  Institution.  I  think  we  owe  a  great  debt  of  gratitude  to  them  for 
the  labour  and  attention  which  they  must  necessarily  give  to  the  management  of  the  proceedings 
of  this  Institution. 

Mr.  N.  E.  Porter:  I  have  very  much  pleasure  in  seconding  that  resolution. 

The  President  :  Gentlemen,  I  suppose  I  am  quite  at  hberty  to  put  the  vote — That  the  thanks 
of  this  meeting  be  given  to  the  Council  for  the  care  and  attention  they  have  bestowed  on  the 
affairs  of  this  Institution. 

Carried  unanimously. 
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MEMOIR  OF  THE  LATE  JOHN  PENN,  F.R.S., 
Vice-President  of  tlie  Institution  of  Naval  ArcLitects. 

The  Institution  has  to  deplore  the  loss  of  Mr.  John  Penn,  who  was  one  of  its  original 
founders  and  first  Vice-Presidents.  Mr.  Penn  was  born  at  Greenwich  in  1805,  and 
received  his  mechanical  education  at  the  workshops  of  his  father,  who  was  a  mechanical 
engineer  and  millwright.  Mr.  Penn  managed  these  works  for  many  years,  and  they 
passed  into  his  possession  on  the  death  of  his  father  in  1843.  At  an  early  age  he  in- 
troduced the  grasshopper  engine,  and  employed  one  of  them  of  G  horse-power  to  drive 
the  macliinery  in  the  workshop  at  Greenwich.  He  soon  turned  his  attention  to  steam 
navigation,  which  was  then  comparatively  in  its  infancy,  and  designed  and  built  two  sets  of 
beam-engines  of  40  horse-power  each  for  the  steamships  Ipswich  and  Suffolk,  and  shortly 
afterwards,  in  1835,  four  more  of  the  same  type  for  vessels  running  between  London  and 
Greenwich.  Though  the  oscillating  engine  was  not  invented  by  Mr.  Penn,  he  early  recognised 
its  great  advantages,  and  applied  it  with  improvements  of  his  own  to  the  river  steamer 
Endeavour,  which  ran  between  London  and  Eichmond.  The  improvements  which  he  effected 
were  so  great  that  in  1844  he  was  employed  by  the  Admiralty  to  supply  new  engines  of  the 
oscillating  type  to  the  Admiralty  yacht  Blach  Eagle.  This  task  he  accomplished  with  great 
success.  His  new  engines  and  boilers  occupied  only  the  same  space  as  the  old  ones,  and 
developed  double  the  power.  In  consequence  these  engines  came  into  general  use,  and  Mr. 
Penn  afterwards  received  orders  to  engine  the  Royal  yacht  Victoria  and  Albert  and  the 
Great  Britain  steamship. 

His  success  in  improving  the  screw-engine  was  perhaps  even  more  marked.  One  of  the 
great  objects  to  be  accomplished  in  order  that  screw-propellers  might  be  usefully  applied  to 
men-of-war,  was  to  keep  the  engines  well  below  the  water-line  in  a  position  of  comparative 
security  against  the  effects  of  shot  and  shell.  One  of  the  solutions  of  this  problem  was 
the  introduction  of  the  well-known  type  of  trunk-engines,  in  which  the  intermediate  gearing 
was  done  away  with,  and  the  piston  coupled  direct  to  the  crank  without  the  intervention  of  a 
piston-rod,  an  arrangement  which  enabled  the  engines  to  be  kept  low  and  compact.  The  first 
vessels  fitted  with  these  engines  were  the  Arrogant  and  Encounter  in  the  year  1847,  and  these 
proved  so  successful  that  the  type  came  into  general  use  for  men-of-war,  and  before  Mr.  Penn's 
death,  his  firm  had  fitted  up  no  less  than  230  vessels  with  trunk-engines  of  sizes,  varying  fi-om 
20  horse-power  for  small  gunboats,  to  8,882  horse-power,  which  latter  power  was  developed  by 
the  engines  of  H.M.S.  Neptune,  and  is  the  greatest  power  ever  attained  by  a  single  pair  of 
cylinders.  Mr.  Penn  also  paid  great  attention  to  the  subject  of  increasing  the  piston  speeds 
of  screw-engines,  and  by  careful  design  and  great  perfection  in  workmanship  he  was  enabled 
to  make  improvements  in  this  direction,  which  were  attended  by  large  savings  in  the  weights 
of  the  machinery  and  the  spaces  occupied  by  it. 
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Another  great  service  which  Mr.  Penn  rendered  to  the  cause  of  screw-propulsion  was  the 
application  of  lignum  vitse  to  the  sea-bearings  of  screw  shafts.  For  a  long  time  the  success 
of  the  screw  as  a  substitute  for  paddle-wheels  was  rendered  doubtful  by  the  rapid  wear  of 
every  description  of  metal  bearing.  After  a  series  of  experiments  had  been  carried  out  for 
him  by  Mr.  Francis  Pettit  Smith,  Mr.  Penn  patented  in  1854  the  use  of  lignum  vitfe  for  this 
purpose,  and  applied  the  invention  with  the  most  complete  success,  in  the  first  instance  to 
H.M.  corvette  Malacca,  for,  previously,  this  vessel  had  been  wearing  away  her  outer  screw 
shaft  bearings  at  the  rate  of  3^  ounces  per  hour,  but  after  the  introduction  of  wooden  bearings 
she  was  enabled  to  steam  15,000  miles,  the  wear  at  the  end  of  this  voyage  being  scarcely 
appreciable. 

Mr.  Penn  rendered  great  service  to  his  country  during  the  Crimean  War  by  undertaking 
and  actually  carrying  out  the  fitting  of  121  vessels  with  engines.  Of  these  97  were  gunboats, 
fitted  each  with  a  60  horse-power  engine.  In  carrying  out  this  work  he  proved  his  talents  for 
organisation  by  the  systematic  way  in  which  he  availed  himself  of  the  assistance  of  other  firms 
in  duplicating  the  separate  parts. 

Mr.  Penn  joined  the  Institution  of  Civil  Engineers  in  1826  as  an  Associate.  He  was 
elected  Member  in  1845.  He  became  a  Member  of  the  Institution  of  Mechanical  Engineers 
in  1848,  and  has  twice  been  President  of  that  Institution,  viz.,  in  1858-59  and  1867-68.  He 
was  made  Fellow  of  the  Koyal  Society  in  1859,  and  in  1860  he  was  present  at  the  founding 
of  the  Institution  of  Naval  Architects,  at  which  meeting  he  was  also  elected  Vice-President, 
and  continued  as  such  till  his  death,  which  took  place  at  his  residence,  Lee,  in  Kent,  on  the 
23rd  of  September,  1878. 


MEMOIE  OF  THE  LATE  WILLIAM  FROUDE,  LL.D.,  F.E.S., 

Vice-President  of  the  Institution  of  Naval  Architects. 

William  Froude  was  born  in  1810,  and  was  a  son  of  Archdeacon  Froude,  of  Dartington, 
Totnes.  He  was  a  King's  Scholar  at  Westminster,  and  went  thence  to  Oriel  College,  Oxford, 
where  he  was  the  pupil  of  his  brother  Hurrell  Froude,  and  of  John  Henry  Newman.  He 
would  dwell  in  after  years  with  gratitude  on  the  sound  training  in  Mathematics  which 
he  received  from  his  brother,  and  which  resulted  in  his  obtaining  a  first  class  in  the 
Mathematical  Class  List. 

On  leaving  Oxford,  ]\Ir.  Froude  adopted  the  profession  of  a  Civil  Engineer,  and  became 
a  pupil  of  Mr.  H.  Pt.  Palmer,  and  in  1838  an  assistant  of  Mr.  Brunei,  under  whom  he  was 
engaged  on  the  works  of  the  Bristol  and  Exeter  Railway,  and  in  other  engineering  work. 
Mr.  Froude's  regular  professional  work  ceased  in  1846,  when  he  retired  on  account  of  his 
father's  failing  health  ;  but  he  continued  to  occupy  himself  in  scientific  investigations  of  a 
high  order,  as  for  example,  the  discharge  of  elastic  fluids  under  pressure,  and  the  resistance 
experienced  by  a  plane  moving  obliquely  in  a  fluid.    Mr.  Froude,  also  gave  his  assistance  in 
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the  solution  of  various  practical  questions  in  the  district  in  which  ho  lived.  Among  the  most 
noteworthy  of  these  may  he  mentioned  the  advice  he  gave  (18G3  to  18GG)  with  regard  to  the 
Waterworks  of  Torquay,  where,  by  a  carefully-pursued  investigation  into  the  causes  of  the 
deficient  delivery  of  the  water  main,  and  by  his  skill  in  carrying  out  a  remedy  suggested  by 
the  late  Mr.  Appold,  he  saved  the  town  for  many  years  the  expense  of  laying  a  new  main  at 
a  cost  of  some  i^30,000. 

His  intimate  friendship  with  Mr.  Brunei  led  him  back  at  times  to  take  part  in  engineering 
work,  and  on  the  occasion  of  the  launch  of  the  Great  Eastern  (1857j  Mr.  Froude  conducted  a 
series  of  experiments  on  friction,  and  on  the  behaviour  of  the  ship  herself. 

It  was  also  in  reference  to  the  Great  Eastern  that,  in  1856,  at  Mr.  Brunei's  request,  Mr. 
Froude  undertook  the  inquiry  into  the  rolling  of  ships,  which  will  always  be  connected  with 
his  name. 

Mr.  Froude  grasped  the  true  elementary  nature  of  the  action  of  wave-water  on 
a  floating  body,  and  of  the  effect  of  successive  waves  on  a  ship  exposed  to  their  action. 
As  an  essential  steppinjy-stone  to  progress  in  the  inquiry,  he  established  on  thoroughly 
sound  principles  the  mechanical  possibility  of  that  form  of  motion  known  as  the  trochoidal 
sea-wave,  a  subject  which  has  been  discussed  by  other  writers.  The  leading  principles 
of  his  views  he  exemplified  by  experiment,  and  at  an  early  meeting  of  this  Institution  (1861) 
he  brought  forward  the  leading  propositions  with  regard  to  the  rolling  of  ships,  which 
form  the  groundwork  of  the  now  established  theory  on  the  subject.  The  building  up  of  the 
theoretical  structure  thus  started  was  a  task  which  he  rapidly  proceeded  with ;  he  appreciated 
and  applied  in  their  correct  bearing  on  the  subject  the  several  causes  modifying  the 
application  of  the  elementary  principles,  and  he  explained  his  views  in  papers  contributed  to 
this  Institution. 

Having  brought  the  inquiry  to  this  stage  Mr.  Froude  was  fortunate  in  having  an 
opportunity  of  investigating  the  subject  experimentally.  By  still-water  rolling  experiments 
on  a  large  number  of  Her  Majesty's  ships  (1871  to  1876)  he  obtained  by  self-recording 
apparatus  a  definite  measure  of  the  resisting  force  offered  by  the  water  to  the  rolling  motion 
of  a  ship  in  still  water.  The  results  when  analysed  he  reduced  to  mathematical  expres- 
sions which  represented  the  action  of  this  force.  He  also  measured  the  rolling  at  sea 
of  the  Comet  gunboat  (1872),  and  of  the  Greijliound  (1872),  using  for  that  purpose 
a  simple  arrangement  of  a  pointer  worked  by  an  observer,  combined  with  a  self-recording 
pendulum. 

Mr.  Froude,  appreciating  the  effect  of  "resistance"  in  checking  rolling,  had  from  an 
early  date  recommended  the  extended  use  of  bilge-keels  as  a  remedy.  They  had  been  applied 
with  much  success  to  the  Indian  troop-ships,  and  as  a  member  of  the  "Committee  on 
Designs,"  Mr.  Froude  had  made  instructive  experiments  with  large  models  of  the  Devastation 
fitted  with  bilge-keels  of  various  sizes  (1871).  Further  to  test  the  importance  of  bilge- 
keels,  comparative  trials  were  made  off  Plymouth  (1872)  of  two  ships  of  the  same  class, 
the  one  [GreyJiound)  with  bilge-keels,  and  the  other  (Perseus)  without ;  the  results  have  been 
published. 
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When  the  Devastation  made  her  sea -going  trials  Mr.  Froude  accompanied  the  vessel  in 
trials  off  Queenstown  and  off  Ban  try  (1873),  and  on  her  first  vo_yage  to  the  Mediterranean 
(1875).  Though  seas  of  the  character  most  suitable  for  experiment  were  not  found  on 
either  occasion,  she  met  with  a  very  heavy  sea  off  Bantry,  and  with  a  long  and  low  swell  off 
Lisbon,  which  supplied  valuable  experimental  data. 

In  the  Greyhound,  when  tried  off  Plymouth,  and  subsequently  in  the  Devastation, 
Mr.  Froude  used  an  instrument  he  had  devised,  in  which  a  heavy  delicately-hung  fly-wheel 
which  took  the  place  of  the  pointer,  and  a  suitably  placed  pendulum,  recorded  their  behaviour 
on  a  diagram,  and  not  only  measured  the  ship's  oscillation,  but  also  measured,  as  a 
differential  phenomenon,  the  mean  wave  acting  upon  the  ship,  with  a  degree  of  exactness 
exceeding  that  with  which  it  had  hitherto  been  possible  to  ascertain  the  profile  of  the  surface 
wave  of  the  sea. 

As  a  member  of  the  Inflexible  Committee,  Mr.  Froude  had  the  opportunity  of  test' 
ing  experimentally  on  a  large  model  the  extent  to  which  loose  water  in  a  ship  may  operate 
to  check  rolling,  a  point  which  he  had  for  some  time  thought  of  much  importance,  and 
which  had  been  one  of  the  features  of  the  design  of  that  ship.  The  quelling  effect  was  most 
marked. 

Aided  by  these  experimental  researches,  Mr.  Froude  had  brought  to  definite  terms  the 
quantitative  determination  of  the  leading  features  in  the  theory  of  rolling,  and  may  in  fact  be 
considered  to  have  established  not  only  the  leading  true  principles,  but  to  have  put  these  into 
a  workable  shape.  Not,  indeed,  that  he  considered  the  inquiry  exhausted,  for  at  his  death  he 
had  in  preparation  at  the  experiment  tank  at  Torquay  means  for  prosecuting  further  important 
branches  of  the  investigations,  by  means  of  experiments  on  models  floating  in  artificially-formed 
waves.  The  same  apparatus  was  also  intended  for  the  investigation  of  the  cognate  subject  of 
pitching,  on  which  Mr.  Froude  had  made  observations  in  the  Devastation  off  Bantry,  and  on 
which  he  had  made  valuable  reports  to  the  Admiralty.  About  six  years  ago  ^Ir.  Froude 
prepared  a  memorandum  for  the  guidance  of  officers  of  the  Eoyal  Navy  in  making  the  observa- 
tions of  ocean  waves  which  are  ordered  to  accompany  observations  of  rolling.  A  mass  of 
valuable  data  is  thus  being  acquired. 

The  value  of  Mr.  Fronde's  labours  on  the  subject  of  rolling  is  probably  exceeded  in  a 
commercial,  if  not  in  a  scientific,  point  of  view  by  that  of  his  work  in  regard  to  the  resistance 
and  propulsion  of  ships.  Being  an  able  yachtsman,  and  also  experienced  in  steamship  trials, 
the  problem  of  the  resistance  of  the  water  to  a  vessel  moving  through  it  had  been  amply 
brought  before  his  notice ;  and  when  he  had  the  opportunity  he  endeavoured  to  feel  his  way 
towards  a  consideration  of  the  subject  by  experiments  with  models.  While  thus  engaged,  he 
set  himself  to  consider,  and  succeeded  in  arriving  at,  the  law  of  comparison  by  which  a  ship's 
resistance  may  be  deduced  from  that  of  her  model.  He  exhibited  the  general  correctness  of 
the  proposition  by  conclusive  experiments. 

Mr.  E.  J.  Pieed,  then  Chief  Constructor  of  the  Navy,  saw  the  importance  of  encouraging 
a  method  of  thus  economically  ascertaining  the  resistance  of  ships;  and  haviug  visited 
Mr.  Froude,   and  seen  the  experimental  results,  he  requested  Mr.  Froude  to  put  into 
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a  definite  proposal  his  willingness  to  conduct  a  series  of  experiments  for  the  Admiralty. 
Mr,  Fronde's  offer  was  accepted  at  a  later  period,  not  without  some  public  questioning 
as  to  the  comparative  utility  of  small-scale  and  full -sized  experiments.  An  experimental 
tank  with  its  machinery  was  erected  near  Mr.  Fronde's  house,  at  Chelston  Cross,  Torquay, 
and  for  the  last  seven  years  most  valuable  work  has  been  there  carried  on.  All  the  recent 
ships  of  the  Royal  Navy  have  been  subjected  in  model  to  these  experiments.  Several  kindred 
experiments  were  also  tried,  and  a  series  of  experiments  on  form  has  been  in  progress,  witli  a 
view  to  obtaining  generally  applicable  principles.  Also,  as  a  preliminary  to  the  other  work,  a 
series  of  experiments  on  surface  friction  were  tried. 

In  1871,  on  the  recommendation  of  the  "  Committee  on  Designs,"  an  important  experi- 
ment was  tried  under  Mr.  Froude's  superintendence.  A  full-sized  ship,  the  Greyhound,  was 
towed  at  various  speeds  and  the  tow-rope  strain  accurately  measured.  The  results  verified  the 
law  of  comparison  on  which  the  utility  of  the  model  experiments  chiefly  depends. 

The  problems  of  resistance  naturally  lead  to  those  of  propulsion,  as  many  of  'Slv.  Froude's 
papers  will  testify,  and  in  this  subject  Mr.  Froude  has  rendered  important  service  by  pointing 
out,  measuring,  and  dividing  into  its  several  elements  the  waste  of  power  connected  with  the 
use  of  propellers,  and  of  the  screw  propeller  especially.  The  above-mentioned  Greyhound 
towing  trial,  compared  with  the  results  of  her  steam  trials,  marked  sufficiently  the  magnitude 
of  the  waste.  One  important  element  of  this  waste,  on  which  Mr.  Froude  had  made  some 
experiments  on  a  small  scale  more  than  twenty  years  ago,  is  the  prejudicial  action  of  the  screw 
propeller  when  placed  too  near  the  stern  of  the  ship,  where  it  wastes  power  by  diminishing 
the  water  pressure  at  the  stern  of  the  vessel.  The  action  of  screw  propellers  formed  an 
important  part  of  the  investigations  at  Torquay,  and  the  amount  of  the  augmentation  of 
resistance  caused  by  the  action  of  the  propeller  behind  various  forms  of  ships  has  been 
determined  with  considerable  exactness.  The  surprising  results  of  the  early  steam 
trials  of  H.M.S  7m  led  Mr.  Froude's  attention  more  closely  than  before  to  the  action  of 
the  propeller  itself,  and  his  paper  on  the  Elementary  Relation  between  Pitch,  Slip,  and 
Propulsive  Efficiency,  read  at  the  April  Session  of  last  year,  was  the  last  of  his  many 
contributions  to  our  Transactions. 

For  the  investigation  of  the  propulsion  of  ships,  it  being  of  the  greatest  importance  to 
obtain  accurate  and  detailed  records  of  the  phenomena  attending  their  performance  under 
steam,  Mr.  Froude  had  for  some  time  past  turned  his  attention  to  measured  mile  trials.  His 
paper  on  Mr.  Denny's  "  progressive  speed  trials  "  was  one  of  the  fruits  of  this.  A  number  of 
elaborate  observations  were  made  by  Mr.  Froude  during  the  recent  measured  mile  trials  of 
the  Iris,  resulting  in  a  large  body  of  interesting  information,  and  his  investigations  on  this 
subject  will  probably  lead  to  a  great  increase  in  the  practical  and  scientific  value  of  steam 
trials. 

To  determine  the  power  wasted  in  marine  engines,  and  so  to  estimate  the  propor- 
tion of  the  whole  indicated  horse-power  actually  delivered  to  the  screw  propeller,  Mr. 
Froude,  at  the  request  of  the  Admiralty,  designed  and  superintended  the  construction  of  a 
dynamometer  to  be  capable  of  measuring  2,000  horse-power.    This  is  now  nearly  ready  for 
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trial.  He  explained  the  principle  of  the  instrument  to  the  meeting  of  the  Mechanical 
Engineers  at  Bristol  in  1877. 

Mr.  Froude,  in  addition  to  his  papers  that  have  appeared  in  these  Transactions,  made 
several  important  contributions  to  naval  science,  and  some  of  his  reports  to  the  Admiralty 
have  been  published  in  Blue  Books  and  in  the  Eeports  of  the  British  Association. 

He  also,  though  rarely,  gave  popular  explanations  of  the  subjects  he  was  dealing  with. 
In  his  opening  address  as  President  of  the  Mechanical  Section  of  the  British  Association  at 
Bristol  in  1875,  he  gave  an  intelligible  exposition  of  the  doctrine  of  stream  lines  as  far  as  it 
affects  the  fundamental  principles  of  the  resistance  of  ships.  This  address  he  afterwards 
delivered  as  a  lecture  at  the  Royal  Institution.  To  the  Science  Teachers  assembled  at  South 
Kensington  in  1876  he  delivered  a  lecture  on  Propulsion,  remarkable  for  the  clearness  with 
which  the  leading  features  of  the  subject  were  classified  and  described. 

Mr.  Froude  was  an  able  workman ;  with  his  own  hands  he  executed  many  most  accurate 
pieces  of  work,  and  was  thus  apt  at  truly  testing  the  workmanship  of  others.  His  mechanical 
skill  is  shown  by  the  design  and  details  of  the  many  beautiful  machines  he  contrived  for  his 
various  investigations.  The  model  cutting  machiner}^ ;  the  happy  idea,  the  result  of  thoughtful 
consideration,  of  using  hard  paraffin  for  the  models ;  the  highly  sensitive  governors  used  in 
the  various  instruments ;  the  resistance-recording  apparatus  for  the  model  experiments  ;  the 
large  machine  for  measuring  the  tow-rope  strain  in  the  full-sized  ship  trials ;  the  rolling 
recording  instrument ;  and,  lastly,  the  large  screw-engine  dynamometer, — all  bear  witness  to 
his  mechanical  skill.  The  principle  of  the  last-mentioned  machine  especially  was  the  legitimate 
outcome  of  a  correctly  followed  search  for  a  means  to  the  desired  end. 

The  importance  of  his  work  was  appreciated  by  his  brother  scientific  men.  He  was  elected 
a  Fellow  of  the  Royal  Society  in  1870.  In  1876  he  received  the  honorary  degree  of  LL.D.  at 
the  University  of  Glasgow,  and  in  the  same  year  he  received  the  Royal  Medal  of  the  Royal 
Society  "  for  his  researches  both  theoretical  and  experimental  on  the  behaviour  of  ships,  their 
oscillation,  their  resistance,  and  their  propulsion."'  In  presenting  the  medal  to  Mr.  Froude, 
the  President  of  the  Royal  Society  said  :  ..."  No  one  indeed  has  ever  done  more,  either 
theoretically  or  practically,  for  the  accurate  determination  of  a  ship's  motion,  whether  in  pro- 
pulsion or  in  waves,  than  Mr.  Froude.  Without  undervaluing  other  modern  writers,  it  is  not 
too  much  to  say  that  his  investigations  at  present  take  completely  the  lead  in  this  very 
important  question — most  important  to  a  maritime  nation." 

His  services  were  highly  appreciated  by  the  Lords  of  the  Admiralty,  and  by  the  con- 
structive staff  of  that  department,  and  more  to  him  than  their  cordially  expressed  gratitude,  was 
the  knowledge  that  in  every  sense  of  the  word  he  enjoyed  their  confidence. 

Mr.  Froude  went  out  to  the  Cape  in  H.M.S.  Boadicea,  in  December,  1878,  for  a  holiday, 
and  was  on  the  point  of  starting  for  England,  refreshed  in  mind  and  body,  when  he  was  taken 
ill  with  dysentery.  He  died  on  May  4th.  He  was  followed  to  his  grave  in  the  Naval 
Cemetery,  Simons  Town,  by  men  and  officers  of  Her  Majesty's  ships,  as  was  fitting  for  one 
who  had  rendered  such  great  services  to  the  country  in  relation  to  the  Royal  Navy.  His 
death  is  a  heavy  blow  to  science,  and  more  especially  to  that  branch  of  science  with  which  our 


MEMOIRS. 


209 


Institution  is  concerned.  The  number  and  value  of  his  contributions  to  our  Transactions 
will  show  the  greatness  of  our  loss.  The  modesty  and  charm  of  manner  which  characterised 
his  utterances  when  taking  part  in  our  debates  will  be  long  remembered  by  those  who  heard 
him. 

It  is  understood  that  in  the  official  letter  of  condolence  sent  by  the  Lords  Commissioners  of 
the  Admiralty  to  Mr.  Froude's  family,  they  expressed  strongly  their  sense  of  the  services  rendered 
"  to  the  Navy  and  to  the  Country,  in  making  his  great  abilities,  knowledge,  and  powers  of 
"  observation  available  for  the  improvement  of  the  designs  of  ships,  without  reward  or  any 
"other  acknowledgment  than  the  grateful  thanks  of  successive  Boards  of  Admiralty."  The 
value  of  his  services  to  naval  architecture  has  been  as  fully  recognised  abroad,  for  it  was 
in  the  interests  of  a  general  progress  in  the  knowledge  of  the  laws  of  Nature  that  he 
laboured. 


NOMINAL  INDEX. 


BEING  AN  ALPHABETICAL  LIST  OF  THE  NAMES  OF  THE  AUTHORS  OF  PAPERS  READ  BEFORE  THE 
INSTITUTION,  AND  OF  THE  SPEAKERS  WHO  TOOK  PART  IN  THE  DISCUSSIONS  WHICH 
FOLLOWED  THE  BEADING  OF  THE  PAPERS. 


Name  of  Writer  or  Speaker. 

J.ll(.G  OJ  xCLJfti  J  or  oUUJcLL  UliUcr  UlsCUsolUII. 

rage. 

Auouymous  ... 

Memoir  of  the  late  William  Froude 

263 

Memoir  of  the  late  John  Penn 

264 

Barnaby,  Xathaniel,  C.B.  ... 

Armour  for  ships 

27 

Weight  of  Millwall  shield  

33 

Correct  dimensions  of  the  Devastation  armour 

34 

Eeason  for  planing  projectile  to  suit  Whitworth's  gun  ... 

40 

Reply  to  discussion  on  his  Paper  ... 

45 

The  treatment  of  steel  for  shipbuilding  ... 

147 

The  cost  of  men-of-war 

148 

- 

The  effect  of  black  oxide  on  steel  plates  immersed  in  salt 

water 

225 

Criticism  on  Admkal  Selwyn's  proposed  ironclad 

225 

Brown,  Captain   

On  chnied  projectiles 

40 

Clark,  Latimer   

On  the  double  power  floating  dock  and  the  hydraulic  grid 

204 

Eej)ly  to  discussion  on  his  Paper  ... 

210 

Clark,  K  

The  oscillometer:   an  instniment  fur   measuring   the  angle 

through  uhich  a  ship  rolls  or  pitches  at  sea 

259 

Colomb,  CajDtain 

On  the  necessity  of  keeping  the  sui'face  of  screws  smooth 

131 

CotteiTill,  James  H  

On  the  minimum  area  of  blade  in  a  screiv  propeller  necessary 

to  form  a  complete  column  ... 

152 

Denny,  William   

Mr.  Maginnis' Paper  on  screw  propellers  ... 

100 

Mr.  Griffith's  experiments  ... 

110 

Trial  trip  experiments 

127 

Initial  friction  of  maruie  engines  ... 

128 

Trials  of  the  ^ferkara 

142 

The  use  of  steel  for  shipbuilding  with  reference  to  Lloyd's 

rules 

143 

H.M.S.  Hecla   

143 

Mechanical  shipbuilding 

235 

Pi'oper  quality  of  iron  of  shipbuilding 

238 

Dicey,  Captain 

The  comfort  of  twin  ships  in  rough  weather 

176 

Edwards,  H.... 

Pi-oposed  method  of  strengthening  ships  ... 

240 

Flannery,  J.  F.   

Mr.  Maginnis' paper  on  screw  propellers  ... 

102 

Strains  of  crank  shafts 

193 

272 


NOMINAL  INDEX. 


Name  of  Writer  or  Speaker. 


Gray,  J.  Macfarlane.. 


Griffiths,  R.  ... 


Hampton,  the  Et.  Hon.  Lord 
Harland,  Edward  James  ... 


Henwood,  Charles  F. 
Humphrys,  James  ... 

John,  William 


Kemp,  Dixon 


Kennedy,  Prof.  Alex.  B.  W. 
Kirk,  A.  C  


Liggins,  Henry 

Mackie,  S.  J  

Mackenzie,  H.  S. 


Title  of  Paper,  or  Subject  uader  Discussion. 

Page. 

New  method  of  strengthening  tubes  of  guns 

52 

The  thrust  of  screw  propellers 

100 

Necessity  of  having   copies    of  Papers  circulated 

to 

members  ... 

160 

The  adjustment  of  crank  shafts 

192 

New  method  of  using  the  indicator  diagram 

192 

On  the  resistance  given  to  screw  ships  by  the  action  of  the  screw 

propeller,  and  how  to  remedy  it 

104 

Reply  to  discussion  on  his  Paper  ... 

113 

See  President,  The. 

Trial  trip  experiments 

111 

Cost  of  men-of-war  ... 

148 

Length  of  trial  trips  ... 

148 

Detailsof  H.M.S.  i/ec/a   

148 

Education  of  Naval  Architects 

149 

Experiments  on  skin  friction 

172 

Improvement  of  the  Channel  service 

173 

Admiral  Robinson's  Paper  ou  armour  for  ships  ... 

33 

On  Hughes'  Stringers 

33 

On  a  system  of  mechanical  shipbuilding 

232 

Reply  to  discussion  on  his  Paper  ... 

242 

Proposing  vote  of  thanks  to  Council 

262 

The  action  of  Lloyd's  Committee  with  regard  to  steel 

144 

The  details  of  H.M.S.  Iris  

144 

The  use  of  the  double  bottom 

145 

The  connections  between  the  hulls  of  the  Calais- Douvres 

audi  the  Castalia 

169 

The  proper  quality  of  iron  for  shipbuilding 

238 

The  action  of  Lloyd's  Committee  with  regard  to  steel  for 

shipbuilding 

238 

Differences  of  opinion  between  Mr.  Scott  Russell 

and 

Mr.  Colin  Archer  ... 

85 

On  Lloyd's  yacht  register 

244 

The  nature  of  experiments  on  the  screw  propeller 

109 

Trial  trip  experiments 

111 

Initial  friction  of  marine  engines  ... 

129 

The  effect  of  currents  on  twin  screw  propellers  ... 

130 

The  strength  of  crank  shafts 

191 

The  history  of  twin  ships  ... 

170 

C'«Zfn's-Z)o!(cm  in  rough  weatlier 

171 

Tlie  steering  power  of  tlie  Calais-Douvrcs  ... 

171 

The  value  of  deep  sea  sounding  machines 

258 

On  the  relative  advantages  of  Mr.  Hughes'  backing 

34 

Explanation  of  the  weight  of  the  Milwall  shield... 

88 

Untrustworthiness  of  trial  trips 

112 

J 


NOMINAL  INDEX. 


1  Name  of  Writer  or  Speaker. 

Title  of  Paper,  or  Subject  under  Discnssion. 

Page. 

Mr.  Grimth  s  experiments  with  screws 

11:5 

Mackrow,  George  C  

On  twin-ship  propulsion 

102 

Reply  to  discussion  on  his  Paper  ... 

178 

Maginnis,  Arthur  J  

A  few  years'  experience  of  the  screw  propeLler... 

88 

Eeply  to  discussion  on  his  Paper  ... 

102 

Crank-shafts  on  transatlantic  steamers     ...       ...  ... 

191 

Martell,  Benjamin  ... 

Asks  question  concerning  trunks  for  screw  propellers 

108 

McMillan,  J.,  Jun  

Mechanical  rivetting ...       ...       ...       ...       ...  ... 

24.1 

Merrmeld,  C.  vV.,  i .iub.  ... 

On  naval  (juns ...        ...        ...        ...        ...        ...        ...  ' 

4f) 

Eeply  to  discussion  on  his  Paper  ... 

58 

Mr.  Dcott  Eussell  s  Paper  on  the  true  nature  oi  the  wave 

01  translation       ...       ...       ...       ...       ...  ... 

84 

iiixperiments  on  models  and  mll-size  ships 

110 

Mr.  N.  Jii.  Porter  s  paper  on  the  legal  load-line   ...       ...  , 

20:i 

Value  of  floating  docks 

210 

becurity  oi  butt-jomts  in  tension  m  ships  built  on  Mr. 

Humphry's  plan  ... 

211 

Mr.  P.  M.  bwan  s  Paper  on  bir  vV.  Thompson  s  naviga- 

tional sounding  machine  ... 

258 

Proposmg  vote  of  thanks  to  the  bociety  oi  Arts  ... 

262 

iViilton,  J . 

/~1                                _/!"    j7                                       P    J"     '  1                        '                    111'.'  ' 

(Jn  some  oj  the  causes  oj  jaiiures  oj  crank-sliutts  in  marine 

engines 

180 

Reply  to  discussion  on  his  Paper  ... 

195 

Parker,  William 

irial  trip  experiments 

112 

Consumption  of  coal  of  the  engines  of  the  Calais-Douvres... 

173 

Mr.  Leslie's  experiments  before  building  the  Calais-Douvres 

174 

Speed  and  horse-power  of  the  CaZaw-DoMi'/vs 

174 

Commercial  success  of  the  CaZais-DoHrm  ... 

174 

Porter,  N.  K ...   

On  the  legal  load-line,  and  some  remarks  relating  to  the  prin- 

ciples of  safe  freeboard 

196 

Seconding  vote  of  thanks  to  the  Council  ... 

262 

President,  The 

Opening  address 

xxii. 

T\  *1J_                     CT*                  *J_  111 

Disadvantages  oi  discussing  two  papers  together... 

45 

Mr.  Merrineld  s  Paper  on  naval  guns 

58 

Mr.  Scott  Russell's  Pa^^er  on  the  true  natiu'e  of  the  wave 

of  translation 

86 

Mr.  Wright's  Paper  on  the  steam  trials  of  H.M.S.  Iris  ... 

131 

• 

Work  done  at  the  meetings  of  the  Institutioa 

150 

Necessity  of  having  copies  of  papers  circulated  to  members 

j  iDJ- 

Mr.  G.  C.  Mackrow's  Paper  on  twin-ship  propulsion 

179 

Point  of  order 

i  239 

Mr.  P.  M.  Swan's  Paper  on  Sir  W.  Thomson's  naviga- 

tional sounding  machine  ... 

258 

Returning  thanks  for  vote  of  thanks 

261 

Concerning  his  resignation  of  Presidency  ... 

1  262 

274 

NOMINAL  INDEX. 

Name  of  Writer  or  Speaker. 

Title  of  Paper,  or  Subject  under  Discussioi). 

Page. 

Putting  votes  oi  thanks  to  the  meeting  ... 

ZbZ 

±\aveniiiu,  Jolm  K.  ... 

Former  difficulties  in  the  manufacture  of  wrought-iron 

gnus 

0  1 

Trial-trip  experiments 

111 

Mr.  Wright  s  Jraper  on  the  steam  trials  ol  M.iVl.b.  Ins  ... 

Coal  consumption  oi  the  engines  oi  the  (Jalais-JJouires  ... 

175 

Possibility  of  improving  Channel  ships 

1/5 

Crank-shafts  and  reasons  why  they  fail 

194 

Consumption  of  coal  in  marine  engines  ... 

Perkm  s  system  oi  boiler 

ihe  boilers  ot  the  bilga 

ooo 

becondmg  vote  oi  thanks  to  the  Society  oi  Arts  ... 

ZbZ 

Eobiiisou,   AdiQiral   Sir  K. 

On  armour  plating  ships  of  war 

6 

Spencer,  K.C.B.,  F.R.S. 

Eeply  to  discussion  on  his  Paper  ... 

42 

Point  of  order 

45 

Advocates  breech-loadmg  ... 

OU 

JBursting  oi  i/(H?!f/n-e>-s  gun... 

51 

xiussell,  Jonn  bcott,  r.K.b... 

Approves  of  Hughes' backing  principle  ... 
Modification  necessary  to  introduce  into  the  II  amor  class 
01  vessels,  to  render  them  emcient  against  modern 

OO 

ordnance  ... 

o< 

Relative  advantages  of  steel  and  iron  armour 

37 
o  # 

Faults  of  Woolwich  guns  ... 

OO 

Dangers  of  hydraulic  loading  for  guns 

OO 

Cra  ifte  irite  nature  oj  the  wave  of  translation,  and  the  part  it 

plays  in  removing  the  ivater  out  of  the  icay  oJ  a  ship  with 

the  least  resistance  ... 

oy 

Necessity  of  having  copies  ol  papers  circulated  to  members 

lol 

Mr.  Latimer  Clark's  Paper  on  double-power  floating-dock 

zuy 

Criticism  on  Llder  s  and  Popon  s  vessels  ... 

227 

Holyhead  mail  steamers 

228 

Point  of  order 

2dy 

Mechanical  shipbuilding 

z-±u 

Seconding  vote  of  thanks  ... 

2bl 

l?ir/lO'l»      A  MTYlll'O  1 

X\Y^^^-^T  /itllXLIlai            ...  ... 

On  the  surface  friction  of  screws  ... 

1  Q1 

lol 

Skin  friction  ol  bows  ol  ships 

lol 

OdUlUCla,  J.  XJ  AglUiul  ... 

Apparent  discrepancy  between  Sir  Spencer  Eobinsou  and 

Mr.  b.  J.  Mackie  ... 

do 

• 

Disapproves  oi  Mr.  Hughes  system 

Oi) 

The  advantges  of  steel  armour 

xiiu  iiungui  Oi  uuiij  iiujtb  iii  <iiiuuui  pitiLcb...         ...  ... 

The  action  of  Lloyd's  with  reference  to  steel  for  ship- 

145 

building 

The  use  of  double  bottoms  for  ships  of  war 

147 

The  si)eed  of  the  Mrt'troifsscY... 

147 

NOMINAL  INDEX. 


Name  of  Writer  or  Speaker. 

Title  of  Paper,  or  Subject  under  Discussion. 

Page. 

Criticism  of  Admiral  Selwyn  s  ironclad 

ooc 

Mr.  Humphry's  method  of  shipbuilding 

zo7 

Proper  quality  of  iron  for  shipbuilding 

Ziil 

Point  of  order 

zdy 

Proposing  vote  oi  thanks  to  the  President... 

261 

Scott,  Captain 

tJT      1  ■  111 

Working  guns  and  turrets  ... 

52 

Loading  heavy  guns  ... 

b'ii 

The  improvements  which  ought  to  be  enected   in  the 

Woolwich  guns 

54 

Bursting  ol  the  Woolwich  gun 

54 

bcott,  Michael 

Powder  required  to  rotate  shot 

57 

Cost  of  Whitworth's  steel  for  guns  ... 

57 

Selwyn,  Aamiral 

The  mode  of  resistance  of  armour  plates  ... 

41 

Steel  for  guns 

55 

Disadvantages  of  slow  burning  powder  for  breechloaders... 

55 

The  value  of  floating  docks  ... 

209 

On  the  most  powerful  ironclad           ...        ...        ...  ... 

Oil 

211 

Eeply  to  discussion  on  his  Paper  ... 

228 

Deep-sea  sounding  machines 

258 

Dwan,  Jf.  ivi.  ... 

On  Sir  William  Thompson's  naviijational  sounding  machine  ... 

253 

iliornycrolt,  J.  i. 

Speed  of  water  through  screw  disc 

108 

Steering  of  screw  vessels 

108 

Coal  carrying  power  of  torpedo  boats 

142 

Mr.  White  s  Jraper  on  M.M.b.  ir(s  ... 

142 

Wpst  Henrv  H 

Strains  on  crank  shafts 

192 

Wn  Tf  O     "Wfl  11 1  Q  YY\     tA  £i1'\y\7 

TVlliuCj    VillllO'l-Ll  XXcXIXY  ■•• 

Ihe  structuraL  arrangements  and    proportions    of  H.M.S. 

Ins 

133 

Reply  to  discussion  on  liis  Paper  .,, 

150 

Mr.  Cotterill's  Paper  on  the  minimum  area,  &c.  ... 

160 

TNFr    FTnTTTnllw'R  Pfl.nPi*  mi  TTlPf^lTJinipfil  c;liii"^l^nilrli*ncr 

ZO  J 

Wimshurst,  James  ... 

Loss  of  power  in  screw  propellers  ... 

129 

"Wright,  James 

The  steam  trials  of  H.M.S.  "  Iris  "  ... 

117 

Reply  to  discussion  on  his  Paper  ... 

131 

Necessity   of   having   copies   of  papers   circulated  to 

members... 

160 

C.NWIN  BROTHERS,  PRINTERS,  LONDON  AND  CHILWORTH. 


s  of  War. 


^Flate  I. 


Proposed  Design  for  Turrets  of  the  TnflexibU  Class,  on  thf  principle  of  the  MiUwall  Shield, 
uith  Stringers  running  vertically  and  horizontally.  ^ 

FRONT  ELEVATION  (H). 


rF--l 


r_-.-vt--'--rn 


'--ri-' 


-  0"   

SCAlE   of  fC£T. 


Trans.  Inst.  JTaval  Jlrchiteois,  Vol.  XX.,  IB'? 


v70 


>Plaie  I. 


SECTION  OF  SHIP 

Sliowmg  the  manner  in  which  Hughes'  Patent  Hollovi 
Stringers  are  employed  jointly  for  the  construction 
of  the  cessel  aM  tht  backing  of  the  armotir. 


T 0  illustrate  Sir  ^li.  Spencer  ^liohinsoii's  draper  on  Armoiir  (Plating  Ships  of  War. 


Fig.  4 


HORIZONTAL  SECTION- 


Inches12 


-Scale  for  BELLEROPHON  TKi-cet.- 

2  3  4  5 


a  Feet 


L.-I  I  1 1  I  


'HERCULES  TARGET  

Constructad  1865. 

 HORIZONTAL      SECTION  - 


I..., .1.1 


 Fig.6- 


SCALE    OF  FEET. 


HORIZONTAL  SECTION  (7). 


HERCULES"  TARGET. 


Section  of  Hvghes'  Patent  Hollow  Stringer  ««  proposed  for  Shield 
represented  in  Figs.  7,  H,  9. 


 FJg^- 


SECTION  OF  BELLEROPHOn"  CONSTRUCTED  1863. 

( Fairbairn  Target  Shevtn  in  Support ) 


■Fig.  3 


 Fis.5- 


VERTICAL  SECTION  ■ 


Shewing  Joint  of  Inner  Skin  P'ate. 


VERTICAL  SECTION  (9). 


Proposed  Design  for  Turrets  of  the  Inflexible  Class,  on  the  principle  of  the  Millwall  Shield, 
Kith  Stringers  running  vertically  and  horizontally., 

FRONT  ELEVATION  (8). 


t--rl  H- 


-  -I  T  -  -  t  I-  ■ 
'I        I  I 

i--n-L---!:l-- 

-tf--lr 

I !      t  I 


i  li  il 

!    1 1 

r  -  -l-J  -  - 

rv 

-1 — —  ^  -  - 

1    i  1    i  i 

T-rr-i- 

i-t!-- 



J  1 

-r-- ri-ii— 

ill    1 1 

J.. ^4  x-i— 

•  — r; — rr— - 
!    '1     ' ' 

]  ii  Li 

k-jj  

K— Uf  

II 
|l 

-.ij.  

— 14— 

 n  - 


--J1— 1'- 


.  - 1- — I J  — 


t 

-1-1- 


<  I 

-i-r  ■ 


I  1-1 — 


--tr-- 


-  -J-r  .'-I.  - 


 1-1  


.11. 

 Ll_ 


-LL. 


I  Li-. 

I  I 


it- 


-■l-f 


1 1 


—rr- 


I  I 


c.-.-,1r-- 


rj — 

-n- 


II 

■-V-M--. 
1 1 
1 1 

-x.-.-iJ-.- 
!     I  ' 
.L_-Ll. 
I     >  I 
I     '  I 


-i-U- 


I 


( ' ■    I      ! '  'I 

-r — i--f — 
'  'I 

'  I         'I         (  ' 

-i-'---r--lH---r«- 
— 1  ^4--T-i— 


I 


I 


41. 


-i— •'i 


-f-M- 


■.tj::i 
1 1 


— — 
1 1 


I 

.U.-iJ. 
"t--TI-- 

I       I  I 
-J...iJ.. 

*       '  I 

.(  uL.. 

-+  +■}■— 


:r.- 


i — H- 

I       I  > 

I     I  I 


Tl 
— i-i-. 
'I    I ' 


-a. 


.1 — ij — 


-  +  T- 

ri — 


I  I 

-i-f- — t 

TI-— I 


I 


I  I 


11 
.JJ_. 

I  I 


n- 

1 1 

.!._.^i_ 

,4._.pj.. 


•r'---r--r'— -it— 


-t— H-r- 

r-rr- 


"IT"' 

 L  L.  . 


..LL 

-It- 
I  I 


I  I 

4i.-. 


 f-  —  „ 


H  —  rt- 
I  \  II 
>  I  II 

'•r-i-f--h 


1 1 


■1  t-r- 

!l 


"  I  ■ 


■       I  :       :  I 

•-I  1  \  »-,- 

-■t— -r^  1-1- 

11       I  I 


/»«.  12 


scale  of  FErr. 

7 

 I  


Tr.i.ns.  Ir.,r:L.  J^aval  firahUeaU:,  Vol.  XX.,  1079. 


■Plate  I!. 


'To  illustrate  Mr.  Scott  'kussell's  ^Paper  on  the  True  J\  attire  of  the  Wave  of  Traitzlation, 
and  the  ''Part  it  (Plays  in  (Removing  Water  out  of  the  Way  of  a 
Ship  ivith  Least  Tiesistance . 


DIAGRAM  I.    Goomofr/  o!  the  Circle. 

;3   ai  ^ll    ;.')    w  »i    at  \o    4  i 


DIAGRAM  \i  .Dingmm  of  Or.iyltntlon  fsochronism. 


DIAGRAM  III.  Diagram  of  Hyclrodynnmic  Isochronh 


DIAGRAM  IV.  Syncronism  in  Water  Particle  vertical  Paths. 


DIAGRAM  \l\. Synchronic  Kise  and  Sail  from  Rest  to  Rest. 


DIAGRAM  VII.  Successive  Motions  of  Wster-Cohimns. 


-EaUing— 


DIAGRAM  ^\\\.  Hyarodynamic  Conversion  cf  Vertical  into  Horizontal  faction. 

  16  ft.   

Ascent 


T'^atc  HI. 


':plaie  III, 


^Tans.  Inst.  J^aual  ^rohiteats,  Vol.  XX.,  1B79. 

9 

To  illustrate  Mr.  Scott  rRusselVs  (^aper  on  the  True  J\'ature  of  the  Wave  of  T ranslation,  and  the  ^art  it  <?lays  in  (kemoving  Water  out  of  the  Way  of  a  Ship  with  Least  ^Resistance. 


FIG.  I. 


O 
7  O 


SO 


4& 


SB 


OS 
C5 


©a 


or 


61 
Off 


Re  Stored 


flO 

.6.  ^ 

Rising 

o 

^    "            •     ♦  • 

o 

At 

2    3  *  S6 


FIQ.6. 


FIQ.3. 


V 

Wafer  \ 


FIQ.2. 


Leyet 


Wa  er 
O 

uni  'er 


«.  o  o 


FIG,4. 


r  o» 

o? 

I 

0» 


II 


94 


0< 


lOl  OS 


FIG  .9. 


FIQ.IO. 


Rlitng 


Rieing 


Going  ForwAra 
5 


FIG.  II. 


Fallen 


Rising 


<PlaU  IV 


(Ivans.  Inst.  JTaval  ^rohiteats,  Vol.  XX.,  1S79. 


(Plate  IV. 


To  illustrate  Mr.  Scott  Russell's  fpaper  on  the  True  Jsature  of  the  Wave  of  Translation,  and  the  ^art  it  ^Plays  in  ^Removing  Water  out  of  the  Way  of  a  Ship  with  Least  (Resistance. 


OIAQRAM.XI . 


1i        OlAORAM  X. 


a  «  »    8    i»    g     H     i»     n     r'    aa    tt      ssw  a 


DIAGRAM-  IX. 


TWIN  BOW  WAVES  ■ 
Cross  Section. 


FIG  14, 


©©0  000©® 


FIG.  I. 


14      9  IS 


FIG. 12. 


FIG  13. 


© 


  'SAV£  LINE  ENTBANCE- 

Horizont&l  Section 


FIG  15. 


FIG. II. 


<d:rans.  Inst,  j^avai  jfirohiteots,  Vol.  XX.,  18179.  To  illustrate  Mr.  A.  J.  Magmms's  ''Paper  on  Screw  (Propulsion. 


(flaLf  VI. 


Trans.  Inst.  J^aval  jirahiteots,  Vol.  XX.,  1^79. 


male  VL 


To  illustrate  Mr.  J.  Wright's  (^aper  on  the  Steam  Trials  of  H. M.S.  "Iris.'' 


No,  3. — Screws,  end  elevation. 
Scale  \  inch  =  l  foot. 


No.  4. — Screws,  end  elevation. 
Scale  \  inch  =  l  foot. 


Inst.  JTaval  JlrohiI.eot::,  Vol.  XX.,  Ili79. 

Tu  illwzlraic  Mr.  J.  \Yri<ihL'z  draper  on  the  Steam  Trialz  of  II.Jvi\.S.  "  Iri 

Side  JElevation,  of  Barews. 


 NP  1   Screws - 


Ll:ii      OF  KEEL 


-r/v.7- 


N9  3  Screws- 


LINE    OF  KEEL 

Bjrew  glades  laid  Flat. 
 Fig.  9  


 NQ    1    Screws - 


Fis.8- 


'A°  5  Screws  ■ 


Scale  ^-iit^ch  =  1  Poot. 


1 


Tlatr,  VIII. 


Scnie   of  Revolutions  ocr  Minute 


aft 

1 

1  and  2  Screws  Cm 
sr  deduction  of  estii 

res  of  \.H. 
lated  blai 

p.  and  of 
1e  friction 

H.P, 

a 

Sc 

(  a'  a 

a 
a 

—A 

Screws'Curyss  j 

b  b 
b'  b' 

b 
b' 

/ 

/ 

/ 

/' 

c 

/ 

.  / 

1-'  t 

/ 

/ 

/ 

y 

- 

/  / 

ia:-^V 

j 
i 

— 

i 

1 

J  \  I  .  I  U  I  I  L;  I  I 

O  '0  (I  12  13  I-J  75  !•»  ir 

Sc.i/ff  of  Ships  Speod.Xnote. 


Trans.  Inst.  JTaval  fivohiteots,  Vol.  XX.,  1879. 


7000 


1000 


'To  illustrate  Mr.  J.  Wright's  draper  on  the  Steam  Trials  of  H. M.S.  Iris." 

Fig.11 


Fig.10- 


12  13 
ScaJe  of  Ship's  Speed,  Knots. 


1200 


tooo 


BOO 


400 


200 


Fig  12 


8  10  12 

Scale  of  Ships  Speed.  Knots, 


^  )  70 
Scafe  of  Revofutions  dot  Minute 


Fig  13 


Fig.U. 


tooo 


7000 


0000 


6000 


4000 


3000 


1000 


Curves  ( 

f  Ship's  S[ 

eed  and  t 

orses-pow 

!/•  with  Eq 

uivalents  i 

if  6/ac/e  F 

-iction  de 

iucted  fro 

ml.H.P. 

NO  1  Scr 
2  Scr 

3WS 

ews 
ews 

/ 

/ 

3  Scr 

4  Sci 

— 4 

-rr 
// 

/ 

/ 

/ 

// 
''/ 

y 

y 

' —                 ^  • 

800O\ 


7000 


6000 


5000 


4000 


«o  3000 


2000 


1000 


Scale  of  Ship's  Speed  Knots. 


11  12  13 

Scile  of  Ships  Speed.  Knot* 


g^rans.  Inst.  JVaval  jirohitests,  Vol.  XX.,  1&79.  (Plate  IK. 


To  illustrate  Mr.  W.  H.  White's  (Paper  on  the  Structural  Arrangements  and  (Proportions  of  H. M.S.  ''Iris. 


— FIG.1— 

—  PLAN  — 


'Trans.  Inr,t.  JTaval  Jlrchiieatf),   Vol.  XX.,  1<^79. 


f/ttfat/j/j.    Shewtnj  mode  of  securing  StruU   <fc  forming  fine  part  of  ship  aft. 


F/G.// 


Trans,  [net.  JVaval  firohiteots, 


VlaU  XI. 


M.S.  "  Lrii 


—  FIG.5— 

h 

CD 

-Hide  ElevAti 


-IG.8- 


~FIG.13~ 


FIG.U—  I 


 Section  thro  fore  Strut  •  

shewing  atrengVtontnfsto  a.rm  at  E  F  ii,G 
 sec  F iff. 11  


yans.  Inst  JTaval  ^rohitects,  Vol  XX.  1^79. 


mail  XL 


To  illustrate  Mr.  W.  H.  White's  (Paper  on  the  Structural  Arrangements  and  Proportions  of  H. M.S.  ''Ins: 


—  FIG.5- 


C  - -  ----- -> 

fs-i 

CD 

-Side  Eleifation. 


—FIG.6  — 


  Section  atA.B. 


<!..finn  «tW.I.Frame- 


— F/G.9 — 


jLJ 


■■rij  Til ril  ".Jl 


JVC*   F  •  ;o«fW 


1  a 


Plan  ■ 


■/G.S- 


Sido  ■  Elevation 


X 


 Section  ihro  { ore  Strut  

thawing  ttrengilieninfrs  to  arm  at  E  F  &  Q 
'  ggp  Fig.19- 


Elevation- 


.  vans. 


Ir.st.J^aval  Jlrohite-U,  Vol,  XX.,  lo'79. 


To  ilhistrate  Mr.  G.  C.  Mackrow's  draper  on  Twin  Ship  (propulsion 


Main  Deck  Plan; 


reetIO 


Scala  for  Plans  and  frame  Section 
20                       30  40 
_l  1  1— 


SO 


60 


70  Feet 


(Trans.  Inst.  JTcuval  firahitects,  Vol.  XX.,  1^79. 


To  illustrate  Mr.  G.C.  Mackrow's  (Paper  on  T win  Ship  (Propulsion. 


JTavaL  firohiteotn,  Vol.  XX..  Icl79. 

To  ilhiztraic  Mr.  G.  C.  Machroiv's  (Paper  on  T'icin  Ship  rpropuhion 


<Plaie 


Midship  Sections 


Scale   for   Midship  Section 

feet  10              5               O               i>               TO              '5             20              25              30  Faet 
I    .    ,   .   ,  !  I  \  1  1  1  1  


■Frame  Sections. 


<Trans.  Inst.  J^TavaL  Jlrahiieots,  Vol.  XX.,  1879. 


To  illustrate  Mr.  J.  T.  Milton's  (Paper  on  some  of  the  Causes  of  Failure  of  Cra:zk  Shafts  in  Marine  Engines. 


ENGINE  A  . 


<Tran^.  Inst.  JJavcul  firohitects,  Vol.  XX.,  1S79. 

To  illustrate  Mr.  J.  T.  Milton's  ^aper  on  some  of  the  Catises  of  Failure  of  Crank  Shafts  in  Marine  Engines. 


(Plate  XVI. 


FIQ.B  3 


FIG.B4 





FIG.B5 


FIG.B7 


FIQ.B  3 


X. 


FIQ.B  U 


/ 

/ 

/ 


"\"-' 
\ 

\ 
\ 


FORWARD 


Yr--3,0'--^-3,  0-— 4 


X 

1 
1 

1 

— 

1 
1 

— I — 1 

-3, 

0^ 


100  50  O 
 I 


 13.0  

100  200 


300  Foot  To"S 


/ 


FIG.C7 


FIG.C  ri 


(Plate  XVII. 

<dr<xns.  In'^t.   Nctvcul  firohitects,  Vol.  XX.,  1^79. 


aros.  Inrjt.  J^aval  / 


(Platr,  XV!  I 


9'rans,  Inst.  J^aval  -Mrchitects,  Vol.  XX.,  1^79. 


(Plate  XVIII.  . 


To  illustrate  Mr.  J.  T.  Milton's  <Paper  on  some  of  the  Causes  of  Failure  of  Crank  Shafts  in  Marine  Engines. 


« 


^-rans.  Inst.  JTaval  firohiteots,  Vol.  XX. .  1^79. 


(Plate  XIX. 


To  illustrate  Mr.  J.  T.  Milton's  (Paper  on  some  of  the  Causes  of  Failure  of  Crank  Shafts,  in  Marine  Engines. 


^rans.  Inst.  JTaval  jlrshiteots, 


TlaU  XX. 


c  Grid. 


q'rans.  Inst.  JTaval  Jlrohiteots,  Vol.  XX.,  1879. 


Tlate  XX. 


T 0  illustrate  Mr.  Latimer  Clark's  ^aper  on  the  (Double  (Power  Floating  (Dock  and  Hydraulic  Grid. 


J  B  a  Q  a  a — a  g  a  a  a 


I       I  1 


I       I  I 


'Hg.vj- — 


.1 


1 — a — a  a  a__fl  a   a    a  a 


^rans.  T.nsi.  JTavo.L 


(Plate  XX!, 


'lie  Grid. 


'ranc.  Inst.  J^avaL  sArshite^iLs,  Vol.  XX.,  1^79.  .  '  .  ' 

(Plate  XXI, 


To  illustrate  Mr.  Latimer  Clark's  'Paper  on  the  Double  fPower  Floatirxg  Dock  and  Hydraulie  Grid. 


Fig.  4. 


Fig.  S. 


<Trar,s.  Inot.  J<la:j:d  fir^hitsote,  Vol.  XX.,  1^79. 


'TUte  XX J' 


To  illustrate  ^d'niiral  J.  H.  Sclicyn's  ^'apcr  on  the  Mozt  ^I'owcrjnl  Ironclad. 


-"THE  BRITAHNIA" 

PROFILE. 


-THE  BRITANNIA"- 

HALF  BREADTH  PLAN. 


^Trana.  InaL.  J^^tval  firahiieats,  Vol.  XX.,  1^79. 


(Plate  XXm. 


I 


I 


4\ 


